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SIGNIFICANCE OF ABBREVIATIONS MOST FREQUENTLY 


FIAN 

GDI 

GITI 

GITTL 
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Goskhimizdat 
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GTTI 

IL 

ISN (Izd. Sov. Nauk) 
Izd. AN SSSR 
Izd. MGU 
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LET 

LETI 
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MEP 

MES 
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MOPI 
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Stroiizdat 
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TsNIEL 
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Aleksandr Erminingeldovich Arbuzoy 


Honored and dear Aleksandr Erminingeldovich: 


The Chemistry Department of AN SSSR and the editors of the journal, Bulletin AN SSSR, 


Chemical Division, heartily congratulate you on your eightieth birthday and upon receiving the 
title of Hero of Socialist Works, 


You are one of the most-prominent organic chemists, a worthy upholder of the traditions 
of the great Russian chemists— Zinin and Butlerov, Your notable researches in the field of thee- 
retical organic chemistry and your syntheses, particularly in the field of organic phosphorus com- 
pounds have greatly contributed to chemical sciences, For many years you have lead the Kazan 


branch of AN SSSR capably combining this work with the very important theoretical research in 
the fieid of organic chemistry, 


We wish you, our dear Aleksandr Erminingeidovich, good health in your further creative 
successes, 


Chemical Division of AN SSSR 
and Editors of the journal, 
Bulletin AN SSSR, Chem, Div. 
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MIXED FERROCYANIDES OF INDIUM WITH RUBIDIUM AND CESIUM 


E. N. Deichman 


As we showed in the preceding communication [1], indium ions react with the ferrocyanides of lithium, 


. 4 sodium and potassium to form in all of the three systems the normal indium ferrocyanide with the composition 
q Ing [Fe (CN)¢]s, as well as (in the system with potassium ferrocyanide) the mixed salt KIn[Fe(CN).}. Subsequently 
; ae we made an experimental study of the reaction of indium ions with the ferrocyanides of rubidium and cesium. 
~ 2 In the present paper we submit the results of study of the systems InCly— Rb, [Fe (CN)g}-H,O and InCl,—Cs, [Fe « 
“a * (CN), JI—H,0 by the methods of solubility, electrical conductivity, measurements of emf, and light extinction, 
EXPERIMENT AL 


Solutions of indium chloride were prepared by the method described in a previous publication [1], Rubidium 
and cesium ferrocyanides were prepared by neutralization of a solution of hydroferrocyaninicacid with rubidium 
carbonate and cesium carbonate, respectively, It should be noted, however, that the titration of the cesium ferro- 
cyanide solution was complicated by the precipitation of the mixed ferrocyanide of cesium and manganese under 
the usual conditions of titration, Experiments were therefore instituted with the objective of establishing the op- 
timum conditions for accurate determination of cesium in the solution, 


It was established that titration should be performed in very dilute (not over 0,01 M) solutions of cesium 
containing 5% of sulfuric acid. The titration error under these conditions is very small. The starting concentra- 
tion of InCl, in all of the experiments was 0.01 mole/liter; the content of Rb, [Fe (CN),] in the starting mixtures 
was varied from 0.0025 to 0.02 mole/liter, that of Cs, [Fe (CN),] from 0.0025 to 0.03 mole /liter. 


System InCl3— Rb, [Fe(CN),]— H20 


Solubility data are presented in Table 1 and plotted inFig. 1. As Table 1 indicatestheInCl, content of the 
saturated solution gradually falls; with increasing quantity of rubidium ferrocyanide in the system and with an 
Rb, [Fe (CN),]: InCl; ratio of 0.9 in the starting mixture, the solution is substantially free from indium. Freshly 
added amounts of Rb, [Fe (CN),] are absorbed by the precipitate of indium ferrocyanide until the Rb, [Fe (CN)<,]: 
: InCl, ratio is 1.0. Starting from that instant, free [Fe (CN). }” ions appear in the solution, 


The solubility data indicate the formation in the system of one mixed ferrocyanide with the composition 
RbIn [Fe (CN),] with a molar ratio of components in the starting mixture of 1.0. The composition of the compound 
does not change even with a considerable excess of rubidium ferrocyanide in solution, The composition of the 
precipitate remains unchanged, for example, when Rb, [Fe (CN)g]: InCl, = 2.0, but the RbIn [Fe (CN)g.] precipitate 
at this point absorbs a minute amount of the excess Rb,[Fe(CN),] from the solution, The structure of the precipi- 
tates also changes abruptly; they become colloidal, slow in settling, and difficult to filter and wash. Formation 
of solid solutions during the interaction is convincingly indicated by the form of the curve of precipitation of 
InCl,; with the help of Rb,[Fe [CN),]. The relative proportion of mixed ferrocyanide in the precipitate increases 
and when the Rb, [Fe (CN),]: InCl, ratio in the starting mixture is 1.0 it reaches 100%, The precipitation curve 
then substantially coincides with the axis of the abscissae The resultant free [Fe (CN),]*~ ions strongly peptize 
the precipitate of RbIn [Fe (CN),] and lead to formation of a colloidal solution, 


Interesting results were obtained on determining the light extinction in the same system. Data for titration 
of a 0.0037 M solution of InCl, with an 0.0640 M solution of Rb, [Fe (CN).] are presented in Table 2, The ex- 
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TABLE 1 


Solubility in the System InCl,— Rb, [Fe (CN),}—H,0O (InCl, content of the start- 
ing mixture 0,01 mole /liter) 


Instarting m Found in saturated ae. 
ture(mole/ solution (mole/,!) | [Pe(CN)I*: In Composition 


of 
nstartin precipitate 
thte 


Rb,{Fe(CN).] In*+ Fe(CN),)*- jmixture 


0.0060 
0.0056 
0.0036 
0.0032 
0.0008 
0.0010 


to 
on 


Phases of 
variable 
composition 


RbIn[{[Fe(CN).] 
Rbin[Fe(CN).] 
RbIn{Fe(CN)q} 
RbIn[Fe(CN)o| 


ooo 

Ouro 


TABLE 2 


Measurement of Light Extinction and Electrical Conductivity (x) in 
the System InCl,— Rb, [Fe (CN),]-H,0 


Light extinction of 100 ml of Specific electrical 
0.0037 M InCl, conductivity 
Rb,Fe(CN), Rb,Fe(CN), 
Rb,Fe(CN), Incl, Incl, 
0,004 a in starting in starting 
in ml mixture mixture 


OM~'cm~* 


0.036 
0.125 
0,229 
0,328 
0.377 
0.409 
0.409 
0.409 
0.215 
0.2145 
0.180 
0.161 
0,143 
0.125 
0.108 
0,086 


a 


- 


O 


tinction rises rapidly with increasing quantity of Rb, [Fe (CN),] in the system until the ratio of components in the 
starting mixture becomes equal to 0.97, after which there is a sharp jump and a fall in the extinction at a 

Rb, [Fe (CN)g,]: InCl, ratio of 1.0 at the point of formation of RbIn [Fe (CN),]. The curve of specific electrical 
conductivity only shows avery slight inflection (Table 2) at the point corresponding to formation of RbIn [Fe (CN)g]. 
The data from solubility, light extinction and specific electrical conductivity are confirmed by results of measure- 


ments of emf in the same system (Table 3), an inflection occurring at the point where the molar ratio of Rb, [Fe ° 
*(CN)g]: InCl, is 1.0. 


0.0025 0,63 
0.0030 0,68 
0.00350 0.78 
0.0060 0.88 
0.0075 0.82 
0.0080 0.88 
0.0098 0.98 
0.0100 1.00 
0.0110 1.00 
0.0200 1.14 
— 
+ 
0.25 0.0027 
0.30 0.0029 
0.50 0 0037 
) 0.60 0.0038 
0.75 0.0042 
0.80 0.0045 

0.95 0.0048 
0.98 0 0049 
1.00 0.0049 

1.10 0.0054 

4.50 0.0070 

2.00 0 0088 
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TABLE 3 


Potentiometric Titration of InCl, with Rb, [Fe (CN),] (InCl, — 0.005475 M, 
20 ml; Rb, [Fe (CN)g]— 0.064 M + 20 ml alcohol) 


emf | nb, 
in mV |~~"inci, 


incl, 


Fe(CN),] 


Fe(CN),] 
in ml 


CSO 


A slow rate of reaction is observed during titra- 
tion, and it is necessary to stir the solution for a long 
period since otherwise the electrode potential is un- 
steady and its value fluctuates. The slowest reaction 
rate is at the point of formation of RbIn [Fe (CN)g]. 
Consequently, on the basis of the results obtained, we 
can conclude that interaction of InCl, and Rb, [Fe (CN).] 
leads to only one compound, and this has the composi- 
tion RbIn [Fe (CN),]. 


RB In[Fe(Cw),] 


System InCl;— Cs, [Fe (CN)¢)]— 420 
Q2 Q4 06 26 10 12 16 18 20 


RB,Fe(CN),: In Cl, Data obtained by the solubility method are pre- 

sented in Table 4 and plotted in Fig. 2, The course 

Fig. 1. Solubility in the system InCl,—Rb, [Fe (CN),}— of the precipitation curve of indium indicates that the 

H,0. reaction with cesium ferrocyanide goes in three stages 
with formation of two mixed ferrocyanides and of phases 

with variable composition, It is seen from Table 4 that even in the initial stage of interaction of the components 

a normal indium ferrocyanide is not formed in the system, The precipitate contains cesium even in the first experi- 

ment where the Cs, [Fe (CN),]: InCl, ratio in the starting mixture is 0.25; in the precipitate the ratio is 0.93, The 

size of this ratiocontinues to increase in the precipitate, approaching 1.0, and at the point when the Cs, [Fe (CN),]: 

: InCl; molar ratio is 0,9 the mixed ferrocyanide CsIn [Fe (CN)g] is formed. 


With increasing concentration of Cs, [Fe (CN)g] 
in the solution, the quantity of the same compound in 
the precipitate likewise increases with each experiment, 
and the Cs, [Fe (CN),]: InCl, ratio changes from 1.0 to 
1.33, This further reaction of solid CsIn [Fe (CN),] with 
Cs, [Fe (CN),] may be accounted for either by the for- 
mation in the system of an incongruently soluble new 

12 W648 20 22 26 double salt (containing a higher proportion of cesium) 
Cs, [Fe(cm),): Incl, or by formation of solid solutions of Cs, [Fe in 
CsIn [Fe (CN),); the latter is more probable in this re- 
Fig. 2. Solubility in the system InCl,—Cs, [Fe (CN),.]—- gion of the solubility diagram. When Cs, [Fe (CN)g]: 


H,0. : InCl, = 1.4, the composition of the precipitate corre- : 
sponds to the compound Cs7Ing (Fe (CN). At this point, 
[Fe (CN),J* :In*™* = 1.33, Only after this point does an excess of [Fe (CN),]*” ions start to appear, Further increase 


of the content of cesium ferrocyanide in the system does not lead to any change of composition of the precipitate, 


4 
a 
a 250 0.15 3. 299 0.88 if 
aay 255 0.20 3. 299 0.94 — 
260 0.29 3. 299 0.93 , 
265 0.38 3. 299 0.964 
270 0.44 3. 289 0.993 
a 280 0.58 3. 286 1.02 a 
280 0.73 3. 200 4.05 
es 289 0.79 3. 187 1.08 # 
299 0.85 4, 100 
a9 
& 
| 
as 
| 
34 
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TABLE 4 


Data Obtained by the Solubility Method in the System InCl,—Cs, [Fe (CN), }-H,O 
(0.01 M InCl, in the starting mixture) 


starting | Found in the saturated 
mixtureqnole/l} solution in mole/! [¥e(CN), n Composition 
ithe start=- [in pre- 


of precipitate 
In*+ (Fe(CN),]*~ ing mixture | cipitate 


0.0025 0.0073 0.25 0.93 
0.0050 0.0045 0.50 0.91 
0.0066 0.0034 0.66 0.96 
0.0075 0.75 0.98 
0.0090 0-010 0.90 1.00 | CsIn{Fe(CN)s] 
0.0100 1.00 1.00 
0.0110 1.10 1.10 
0.0120 1.20 4.17 
0.4140 1.40 1.33 | 
0.0150 1.50 1.34 
0.0170 1.70 1.28 
0.0200 006 2.00 4.33 
0.0300 ; 3.00 1.35 


CsIn{Fe(cn 


Q2 26 10 (6 8 a? 


C5, [Fe(CN): InCly 


Cs,[Fe(CN),}: Incl, 
Fig. 3. Light extinction in the system InCl,—Cs,- Fig. 4. emf in the system InCls—Cs, [Fe (CN),]—H,0. 
* Fe 

Table 5 details the results of measurements of electrical conductivity and light extinction, The curve of 
specific electrical conductivity contains two inflections corresponding to the formation of two compounds CsIn° 
* [Fe (CN)g¢] and Cs7Ing [Fe (CN)gk. A slightly different result was obtained on the basis of measurement of the light 
extinction (Table 5), The extinction increases sharply (Fig. 3) to a well-marked maximum corresponding to the 
compound CsIn [Fe (CN)g]; addition of fresh portions of Cs, [Fe (CN),] then leads to an abrupt fall in extinction 
due to peptization of the precipitate; later there is a weak minimum corresponding to the formation of Cs,Ing- 
*[Fe(CN)gk. Table 6 contains the results of potentiometric titration of 20 ml of an 0.01024 M solution of InCl, 


with an 0,0408 M solution of Cs, [Fe(CN),]. As we see from Fig. 4, the formation of CsIn [Fe (CN).] is clearly re- 
flected on the diagram. 


fox 
4 
4 
a50; 
x 
mv 
an 
0 
4100 
é 
gts 


Fig. 5. X-ray diagram of IngFe(CN)g]s. Fig. 6. X-ray diagram of K{Fe(CN),]. Fig. 7. 
X-ray diagram of RbIn{Fe(CN),). Fig. 8. X-ray diagram of CsIn[Fe(CN)g]. Fig. 9. X-ray 
diagram of Cs7InfFe(CN),). 


TABLE 5 


Measurements of Specific Electrical Conductivity and Light Extinction in 
the System InCl3;—Cs, [Fe (CN), 


Specitic electrical Light extinction 
conductivity (100 mi 0.0037 M InCl3) 


Cs,Fe(CN), 

in starting 0.037 M in inCl, 

mixture ml 


2 0.0027 1.0 0.10 0.027 

0.35 0.0030 2.0 0.20 0.064 

0.50 0.0034 4.0 | 0.40 0.180 
0.75 0.0042 6.0 0.60 0.292 G 
0.80 0.0043 7.0 0.70 0.347 2 

0.90 0.0045 8.0 0.80 0.420 

4.00 0.0048 | 9.0 0.90 0.469 

1.10 0.0051 9.6 0.96 0.469 

1.20 0.0052 | 9.8 | 0.98 0.489 
1.30 0.0052 10.0 1.00 | 0.489 - 
1.60 0.0064 10.5 1.05 | 0.463 r 

2.00 0.0078 11.0 1.10 | 0.134 
12.0 1.20 | 0.086 7 

42.5 4.25 0,081 

13.5 1.35 | 0.083 

15.0 1.50 | 0.100 

| 18.0 1.80 | 0.419 


2.50 0.4119 


4 
a 
j 
ee 
+4 
| 
bes 
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TABLE 6 7 
| Potentiometric Titration of InCl, with the Help of Cs, [Fe (CN)g,] 
40 InCl, 0.00547 M, 40 
Cs | 9. ac. | |] Ac. | : 
0.09% M wma 110.086 Mp ma incl, 
259 0.016 3. G12 0.63 woe 
4 0.2 339 0.033 40 6§22 0.66 
4 473 0.066 4.4 631 0.72 
0.6 503 0.099 4.8 656 0.79 
: 1.0 529 0.16 5.0 706 0.82 
1.4 575 0.23 5.2 723 0.86 a 
1.8 599 0.30 5.4 723 0.89 
2.0 600 0.33 5.6 723 0.92 
2.4 592 0.40 5.9 700 0.95 
a 3.0 5992 0.49 6.0 270 0.99 oxy 
3. 596 


In view of the difficulties encountered in the determination of the crystal water in all of the synthesized 
ferrocyanides, it was determined by several methods: on the basis of the difference after determination of indium 
and [Fe (CN),]*”, by the method of Elitsur [2], by the method of Fischer [3], and by dehydration of a weighed 


sample of the salt with the help of NaF [4], Judging by the mean results obtained, the ferrocyanides form the 
following hydrates: 


Ing [Fe(CNg)3-10 H2O; KIn [Fe(CN).]-H20; 
RbIn [Fe(CN).]-2H,0; 21,0. 


The ferrocyanides do not change color in the air, Saturated solutions containing an excess of Cs, [Fe (CN)g] 


decompose and turn blue on standing. Data for the crystallographic analysis of the ferrocyanides, carried out by 
E. E, Burova, are given in Table 7, 


TABLE 7 


Crystallographic Data for Indium Ferrocyanides a 


Outward appearance 


Refractive 
index, n 


Ferrocyanide 


Ing [Fe (CN)g]5 Homogeneous isotropic phase 

KIn [Fe (CN),] Isotropic mass differing appreciably from Ing [Fe (CN)¢]3 
RbIn [Fe (CN)g] Isotropic vitreous mass 

CsIn [Fe (CN)g] Vitreous mass 


Cs In, (Fe (CN)eJa Vitreous mass 


The results of x-ray analysis of the ferrocyanides, carried out by Kuznetsov and Popova [5] (Figs. 5-9), con- 
firm the previous conclusions, Thus the x-ray diagrams of Ing [Fe (CN)g]3 and K, [Fe (CN).] are very different; 


they show that the compounds are not isomorphous with [Fe (CN),]. KIn [Fe (CN).] gives the x-ray diagram of 
an amorphous substance, 


All of the specimens of rubidium ferrocyanides up to the ratio Rb, [Fe (CN)g,]: InCl, = 1.0 are isomorphous 
with one another, With increasing magnitude of this ratio the interplanar distances are found to be constant within 
the limits of error in the determination of the respective lines. This indicates formation of solid solutions. The 
x-ray diagrams indicate that compounds CsIn [Fe (CN),] and Cs7In3[Fe(CN)g]4 are isomorphous, All of the solid 
phases separated at Cs, [Fe(CN)g]: InCl, ratios of 1.1, 1.2 and 1,3 are likewise isomorphous with one another, and 
this behavior is characteristic for the formation of solid solutions. 


4 
4 
“4 Ret 
1.576 
1.600 
1.605 
1,595 
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On the basis of the x-ray powder diagrams, it follows that normal indium ferrocyanide does not change its 
crystal structure after washing with water and is a stable compound, The unit cell of indium ferrocyanide is pro- 
bably simple and tetragonal with the parameters a = 7,25 kx;* c = 5.95 kx; c/a = 0.82, The mixed ferrocyanides 
of rubidium and indium on the one hand, and those of cesium and indium on the other hand possess similar crystal 
structures, All of the investigated indium ferrocyanides, both the normal and the mixed, are isolated in the sys- 
tems in the form of extremely finely dispersed precipitates with a crystal size of 107° cm, while the mixed ferro- 
cyanide of indium and potassium gives the x-ray diagram of an amorphous substance, 


DISCUSSION OF RESULTS 


The present studies of the chemistry of indium ferrocyanides bear witness to the great diversity and com- 
plexity of the reactions taking place and to their dependence in the main on the nature of the alkali metal pre- 
sent in solution, In this respect the results are in full harmony with the literature data which indicate that the 
alkali metals can be arranged in the following order of ability to be coprecipitated with the difficultly soluble 
ferrocyanides: Li< Na < K < Rb < Cs, This series is notable for its constancy and its nondependence on the heavy 
metal present in the molecule of ferrocyanide. The interaction of fons of indium with ferrocyanides of the above- 
mentioned alkali metals is an excellent illustration of this generalization, Thus, only normal indium ferrocyanide 
Ing [Fe (CN),]3 is detected [1] when the ferrocyanides of lithium and sodium are reaction, Interaction with potassium 
ferrocyanide leads to formation of two compounds — normal ferrocyanide and the mixed ferrocyanide KIn [Fe (CN)<.] 


fl}. 


One mixed ferrocyanide, RbIn [Fe (CN).] was formed in the case of rubidium ferrocyanide. On the basis of 
the solubility data and the x-ray diagrams, there is reason to believe that in the initial stage of the reaction the 


normal indium ferrocyanide is formed; the latter is unstable and passes into solid solution with rising concentra- 
tion of rubidium ferrocyanide. 


In the system InCl;—Cs, [Fe (CN),]—H,0 the process of interaction is more complex, and the reaction goes 
in three stages: 


1. Formation of the mixed salt: Cs, [Fe (CN),}+ InCl;—— CsIn[Fe(CN},]+ 3CsCl. 
2. Formation of solid solutions of Cs, [Fe (CN)g] in CsIn [Fe (CN),] until saturated. 


3. Formation of a second mixed ferrocyanide Cs7In3 [Fe (CN)g]4 from the saturated solid solution, In this 
stage the cesium exhibits its characteristic tendency to form double ferrocyanides with a maximum content of 
alkali metal. A normal ferrocyanide is not formed in this system even in the initial stage of the reaction, Con- 


sequently, the ability of indium to form complex and poorly soluble compounds with ferrocyanides of alkali metals 
can be represented as shown in Table 8, 


TABLE 8 


Mixed Ferrocyanides of Indium and Alkali Metals 


Me,[Fe(CN),] Ky[Fe(CN).] Rb,[Fe(CN).] Cs,[Fe(CN),] 


Composition of solid In.{Fe(CN),], [Phase of variable Cs In{Fe(CN),] 
phases formed in the composition Phase of varlable 


systems incl,— In,{Fe(CN),]+ os ition 
Me,(Fe(CN),]—H,0 -xRb,[Fe(CN CaIn[Fe(CN),]- 
Hy x dal 
RbIn[Fe(CN),] 
4 
Cs,In,[Fe(CN 


This investigation of the chemistry of indium ferrocyanides has led to the development of new analytical 


methods of determination of indium with the help of sodium ferrocyanide — both potentiometric and volumetric 
(6). 


* As in original ~ Publisher. 
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SUMMARY 


1, The systems InCl;—Rb, [Fe (CN),]—H,O and InCl,—Cs, [Fe (CN),] —H,O were studied by the methods of 
solubility, electrical conductivity, and potentiometric and light-extinction measurements, 


2. In the system InCl,—Rb, [Fe (CN),]—H,O indium ions are found to react with formation of solid solutions 
and a mixed ferrocyanide with the composition RbIn [Fe (CN)g]. 


3, The mixed ferrocyanide CsIn [Fe (CN)g.] is formed in the system InCl,;—Cs, [Fe (CN)g]—H,0; a solid 
solution is also formed and (with suitable ratios of components) a second mixed ferrocyanide Cs7In; [Fe (CN). ]4. 


4, Indium ferrocyanides were analyzed by chemical, crystallographic and x-ray methods, 
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ENERGY OF ADSORPTION FORCES AND HEAT OF ADSORPTION OF 
n-ALKANES ON GRAPHITIZED CARBON BLACK 


N. N. Avgul, G. I. 


Berezin, A. V. Kiselev, and I. A. Lygina 


A theoretical formula for the energy of adsorption of n-alkanes on the surface of graphite was derived in 
previous papers [1, 2] in this series: 


—D=0.9+4 1.85n kcal/mole (1) 


where n is the number of carbon atoms in the molecule of an n-alkane, The values of the constants in this for- 
mula were calculated by summation of the energy of interaction of the individual portions of the alkane chain 
containing 100 carbon atoms in close packing in a graphite lattice and by integration of the interactions with 
the remaining volume of the lattice. The potential of interactions was calculated from the Lennard-Jones for- 
mula; the attraction constant was calculated from the quantum-mechanical formula of Kirkwood on the basis 
of the polarizabilities and magnetic susceptibilities of the chains of the hydrocarbon molecule and the graphite 
lattice, while the repulsion constant was expressed through the attraction constant and the equilibrium distance 
which was found as the sum of the Van der Waals radius of the chains of the molecule and half of the interplanar 
distance in the graphite lattice, The energy of adsorption of alkanes was thus expressed solely on the basis of 
their energetic, magnetic and geometrical properties, and on the basis of the same properties of graphite. 


It was likewise shown previously [1] that the magnitude of the energy of adsorption for n-hexane calculated 
from Formula (1) is close to the differential heat of adsorption of hexane on a homogeneous portion of the surface 
of graphitized carbon black, It was of interest to determine the differential heats of adsorption of the vapors of 
a series of n-alkanes on a homogeneous surface of graphitized carbon black and to establish whether the incre- 
ment of the heat of adsorption per CH group coincides with the corresponding increment of the energy of the ad- 
sorption forces determined from the theoretical formula (1).* Apart from that, interest was attached to the deter- 
mination of other thermodynamic characteristics of adsorption of n-alkanes on the surface of graphitized carbon 
black and to the establishment of a correlation with the number of carbon atoms in their molecules, Results of 
this type pertaining to n-pentane, n-heptane and n-octane are presented in this paper. In a previous paper [1] 
we gave data for n-hexane, and we evaluated the heat of adsorption of n-butane on graphitized carbon on the 


basis of data in [4]. We could therefore compare the theoretical formula (1) with the heats of adsorption of five 
normal alkanes, 


EXPERIMENTAL 


The graphitized carbon black was the same as that used in earlier work [1, 5], i. e., "spheron-6" calcined 
in a hydrogen stream at 1700° for 1.5 hr; its specific surface, determined by the BET method (adsorption of nitro- 
gen), was 92 m?/g, The constants of the test hydrocarbons are presented in Table 1. 


* Heats of adsorption of a series of alkanes were determined previously [3], but use was made of channel black 
with a rough, oxidized, heterogeneous surface, due to which the heats of adsorption of these hydrocarbons continu- 
ously declined with increasing degree of coverage of the surface 9 (see also [1]), It is therefore impossible to use 
the data of [3] for calculation of the heat of adsorption of alkanes on a clean and uniform graphite surface. 
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Fig. 1. Adsorption isotherms of vapors of n-heptane (1), n-hexane (2), 
n-heptane (3) and n-octane (4) on graphitized carbon black at 20°, 


TABLE 1 


Constants of the Hydrocarbons Employed 


Refractive index 


Hydrocarbon 


n-Pentane 0.6264 
n-Heptane 0.6837 
n-Octane 0.7033 1.3978 


Just as in [1, 5], the quantity adsorbed was determined in an apparatus with vacuumized liquid capillary 
microburets, and the heat of adsorption was determined in a calorimeter with constant heat exchange (1953 model). 
The calorimeter and the adsorption apparatus are described in [6]. All experiments were conducted at 20°, 


The adsorption isotherms of the vapors of n-pentane (1), n-heptane (3) and n-octane (4) are plotted in Fig.1 
with three different scales on the axis of relative pressures p/p,. Several series of experiments were run for each 
vapor, and agreement was obtained in the results of different series for each vapor, The same diagram includes 
the plot of the previously determined adsorption isotherm of n-hexane (2). In addition to the relative scale of 
magnitude of adsorption a (mmole per g adsorbent), Fig. 1 also contains the absolute scale a (umole per m? ad- 
sorbent surface), We see from Fig. 1 that increase in the number of carbon atoms in the molecule of n-alkane 
n leads to increased steepness of the adsorption isotherms in their initial portion in proportion to the rise in ab- 
sorption energy (Eq. 1). The adsorption isotherms later intersect. In the region of high relative pressures all of 
the adsorption isotherms converge. 


The differential heat of adsorption Q, is plotted in Fig. 2 as a function of the quantity adsorbed a or a for 
these four hydrocarbons. We see from Fig. 2 that the heat of adsorption in the monomolecular layer rises with 
increasing n. In this connection, the maximum on the curves of the differential heat of adsorption in the vicinity 
of completion of coverage of the monomolecular layer, which is associated with the attractive energy between 
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the hydrocarbon molecules in the adsorption layer [1], increases on passing from pentane to octane, On passage 

to the second layer, the heat of adsorption falls abruptly, and in the case of heptane (which has been studied the 
most closely in the region of polymolecular adsorption) there is a sudden drop in heat of adsorption also on pass- 

ing from the second to the third layer, etc, Due to the large energy of adsorption of n-octane (Fig, 2), the ad- 
sorption isotherm of its vapor rises so steeply that the equilibrium vapor pressure remains negligible right up to 

a coverage of 70% of the surface of the carbon black, In this case, just as in a series of cases of irreversible chemi- 
sorption [7], the heat of adsorption obviously cannot be evaluated from the fsosteres. Measurements of heats of 


adsorption in our calorimeter with constant heat exchange, on the other hand, still give perfectly reliable results 
in the present case, 
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Fig. 2. Differential heat of adsorption Q, of vapors of n-pentane (1), n-hexane 
(2), n-heptane (3) and n-octane (4) as a function of the quantity adsorbed on 
graphitized carbon black. The vertical broken lines give the volume of the 


adsorption layers, The horizontal broken lines give the magnitude of the heat 
of condensation L, 
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Thermodynamics of Adsorption of n-Alkanes on Graphitized Carbon Black 


The equations of the adsorption isotherms, It was previously shown [1] that the isotherm of adsorption of 
hexane on graphitized carbon black is satisfactorily expressed by the Langmuir equation and the BET equation, 
These are similarly valid* for the adsorption of n-pentane and n-heptane, Determination of the constants of the 
Langmuir equation kK, and of the BET equation c is made difficult in the case of strongly adsorbed substances 
(large K, and c) when using the linear plots of these equations due to the smallness of the intercept on the axis 
of the ordinates. This does not detract, however, from the accuracy of determination of the other constant — the 
packing constant of the condensed monolayer a. Table 2 gives the constants of these equations and the range 
of relative pressures p/P, and the degree of packing 0 for which these equations are valid. 


TABLE 2 


Constants of the Langmuir and BET Equations and the Range of Their Applicability to Adsorp- 
tion of n-Alkanes on Graphitized Carbon Black 


Langmuir equation BET equation 


limits of limits of 
Hydrocarbons applica~ applicability 
up 
tO pip, 


n-Pentane 

n~Hexane om 

n-Heptane 1500* 
n-Octane 


* Determined from the standard energy of absorption (see below), 


We see from Fig. 2 that in the monomolecular region the theoretical premise of the Langmuir equation is 
also justified; after an initial fall in a narrow range of values of 9 (associated with the residual heterogeneity 
of the carbon black surface), the heats of absorption become nearly constant, In the case of octane the rise of 


the heat of adsorption to a maximum on completion of the monolayer does not exceed 6% of the intial heat of 
adsorption for the homogeneous surfaces Q, = 0. 


As mentioned above, the BET equation is fully applicable to the polymolecular adsorption of all of the four 
vapors, On passing from pentane to octane a widening of the limits of applicability of this equation is observed 
in the region of high values of p/p, and@. This becomes understandable when we examine the curves of the dif- 
ferential heat of adsorption plotted in Fig. 2, A sharp rise in the net heat of adsorption in the first layer Qa, —L 
is observed in passing from pentane to octane; an increasingly sharp fall in the heat of adsorption is also observed 
in passing from the first layer to the second, Even though the heat of adsorption in the second layer Q, is still not 
equal to the heat of condensation L, the relative value Qae~ L/Qa; — L decreases with rising n, Consequently, 
the corresponding premise of the BET equation Qa,—L « Qa; —L has steadily increasing validity as we go from 
pentane to octane, Further widening of the region of validity of the BET equation in the direction of larger values 
of p/p,, i. e., in the direction of thicker layers, is hindered by the inequality of the heats of adsorption in the 
second, third and subsequent layers, The difference in the absolute values of these heats of adsorption is insigni- 


ficant, but there is an appreciable difference between the net heats of adsorption Qaz—L, Qag—L,..., as we 
see from Fig. 2. 


From the magnitude of the packing density of the monolayer a; found from the BET equation, we deter- 
mined the area occupied by the molecules of these alkanes in the close-packed adsorption layer w = 1/ a). 
The respective values are included in Table 2; they show that the molecules of these hydrocarbons in the mono- 


* It is impossible to check the applicability of the Langmuir equation to adsorption of n-octane due to the ex- 
tremely small values of the equilibrium pressure in the monomolecular region, 
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kcal/ mole 


Fig. 3. Dependence of the differentia! heat of adsorp~ 
tion Q, on the coverage of the surface of graphitized 
carbon black 0 for n-pentane (1), n-hexane (2), n- 
heptane (3) and n-octane (4), The brocken curves per- 
tain to extrapolation of the curves of Q, versus 9 from 
the region of coverage of the homogeneous portion of 
the surface up to the start of the coverage 9 = 0, The 
horizontal lines Ly, Lg, Lz and L, denote the correspond- 
ing heats of condensation, 


in size of the molecules, 


layer are arranged parallel to the surface of the ad- 
sorbent, We may note that the values of we for ad- 
sorption of these hydrocarbons on graphitized carbon 
black are considerably smaller than for adsorption on 
silica gel, i. e., the adsorption layer is more closely 
packed in line with the greater energy of adsorption 
on graphite, The relation between the value of wo 
and the energy of adsorption was reported in [8], 


Consequently, the intersection of the adsorption 
isotherms in the monomolecular region on approach 
to complete coverage of the compact monolayer (Fig.1) 
is bound up with increase of the area occupied by the 
molecule of the n-alkane in the dense adsorption layer 
and with increase in the length of the molecule of n- 
alkane, The convergence of the adsorption isotherms 
in the region of high relative pressures may be the re- 
sult of reorientation of the molecules in the polylayers. 
Apart from that, we have here the possibility of capil- 
lary condensation at the sites of contact of particles of 
free, loosely deposited carbon black, 


Dependence of the heat of adsorption on the 
coverage of the surface. The dependence of the dif- 
ferential heat of adsorption of n-pentane, n-heptane 
and n-octane on the degree of coverage of the surface 
of graphitized carbon black 9 = a/a,, in the mono- 
molecular region is plotted in Fig. 3. This diagram 


shows that the intial fall in heat of adsorption (due to the residual heterogeneity of the surface), as well as the 

fall on passing from the first layer to the second, takes place approximately in the same range of 9 for each vapor. 
Rise of the plots of Q, versus @ to a maximum of completion of the monolayer also follows a similar course. The 
absolute magnitude of Qa between 9 = 0.5 and the maximum increases with increasing value of n, which indicates 
an increase of the energies of interaction between the hydrocarbon molecules in the adsorption layer with increase 


A Free energy and entropy of adsorption, On the 
a as tne basis of the adsorption isotherms (plots of a versus 

a rf, : p/p,) and of the differential heat of adsorption (Q, 

-2 versus a), determinations were carried out (as in [1, 
= . of the relations between the differential changes of 
-4 

OAF 
=RT In p/p, total energy 
= —(Qa—L) and entropy of adsorp- 
mole- degree tion = and coverage 


Fig. 4. Differential entropy of adsorption as a function 
of the coverage of the surface of graphitized carbon 


of the surface, 


The course of the curve of change of free energy 


on adsorption of n=pentane and n-heptane® is similar 


to that for n-hexane, The curves of change of total 
energy can be evaluated on the basis of the curves of differential heats of adsorption already examined. The curves 


of differential entropy of adsorption as a function of the coverage @ for the three hydrocarbons are plotted in Fig. 4. 


black for n-pentane (1), n-hexane (2) and n-heptane (3), 


The differential work of adsorption was not determined with sufficient accuracy for n-octane due to the very 
low equilibrium pressures in the region of coverage of the monolayer. 
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TABLE 3 


Thermodynamic Characteristics of Adsorption of n-Alkane Vapors on Graphitized Carbon Black at 20° 


Standard differential values Mean molar change 


of heat of of total energy | of free energy of | of entropy of ahr pica neha 


ti fad 
adsorption Q3 of adsorption adsorption AF° in| adsorption AS* 
in kcal/mole in kcal/mole cal 


1 
kcal/mole mole-deg 
mole-deg 


Hydrocarbon 


n-Pentane 
n-Hexane 
n-Heptane 
n-Octane 


We see from Fig. 4 that the wave-like change of - with rising 0 that was noted in [1] is here in evidence 


for all of the three hydrocarbons, With increasing n the entropy passes in the vicinity of 9 = 1 through a progressively 
sharper minimum in the region of negative values, Passage of a mole of n-alkane from the liquid into the compact 
monolayer is bound up with a considerable drop in entropy which increases with rising n, This indicates a consider- 
able loss of mobility of the hydrocarbon molecules on entering this layer (see Table 3). 


Standard thermodynamic values for the adsorption of vapors of n-alkanes on graphitized carbon black. 
Table 3 contains the standard values (for = 0.5) of the differential total and free energy and of the entropy of 
adsorption, as well as the mean molar change of entropy for coverage with a compact monolayer, Our deter- 
mination of the standard free entropy of adsorption of the vapor of n-heptane on graphitized carbon gave a value 
of —4,25 kcal/mole, which is extremely close to that calculated in [9] from the data of [10] for the standard free 


energy of adsorption of n-heptane vapor on graphitized 
carbon black (—4.5 kcal/mole). 


kcal/ mole The standard values of the thermodynamic charac- 


teristics of adsorption of n-alkanes on graphitized car- 

bon black presented in Table 3 are linear functions of 
the number of carbon atoms in the molecules (n), This 
is shown graphically in Fig. 5, where the standard heats 
of adsorption Q) of n-alkanes on graphitized carbon 
black are plotted against the number of carbon atoms. 
The heat of adsorption of n-butane is taken from [4]. 
In the latter paper the relation between the differential 
heat of adsorption and the coverage of Graphon carbon 
black by 1-butene also indicates that the mean molar 
heat of adsorption of a monolayer of molecules of n- 
butane is higher than that of 1-butene by 0.4 kcal/mole; 
for 1-butene Q’ = 8.4 kcal/mole. Since the course of 

Fig. 5, Standard heat of adsorption of n-alkanes Q, the curve of Q, versus 0 is similar for these hydrocarbons , 

as a function of the number of carbon atoms n on we can assume that Q® for butane will differ from that 

graphitized carbon black (1) and on large-pore silica for 1-butene by the same amount as for the mean molar 


gel (2), and the dependence of the latent heat of con- values, Hence for n-butane we obtain Q4 = 8.8 kcal/mole, 
densation L on n for the same substances, 


For comparison Fig. 5 also contains the values of Q) on large-pore KSK~2 silica gel [11] and the values of 
the heats of condensation L, We see from Fig. 5 that the standard heat of adsorption, like the heat of condensa- 
tion, is a linear function of n, but the increment for the CH, group for adsorption on graphitized carbon is con- 
siderably greater than on silica gel. For adsorption on graphitized carbon black we have 


= 0.7 + 1.90 n kcal/mole, (2) 
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and for adsorption on large-pore silica gel we have 
= 1.0 + 1.3 n kcal/mote. 


For the heat of condensation we have 


L = 0.4 + 1,2 n kcal/mole, (4) 


Figure 5 and these equations show that the standard heat of adsorption of n-alkanes on large-pore silica gel 
does not much exceed the heat of condensation, whereas the heat of adsorption on graphitized carbon black is 
considerably larger due to the very much closer packing of the outer surface of the graphite with the carbon atoms 
constituting the energetic centers reacting with the hydrocarbon chains. 


The general equation of the isotherm of adsorption of n-alkanes on graphitized carbon black, In [1] an 


approximate expression was given for the dependence of the constant of the Langmuir equation Ky on the absolute 
temperature for adsorption of n-hexane vapor, This was derived from the thermodynamic relation 


(5) 


By employing the correlations of AF*, AS*, Q2, and L with n shown in Fig. 5 and Table 3, we can obtain a 
general expression for Ky as a function of n and T which has the following approximate form: 


4 300 + 700n ve 
log Kim) = —1.4— 0.25n) (6) 


For hexane, for example, at 20°, this expression gives Ky(¢) = 530 in agreement with the value determined from 
the absolute isotherms of adsorption [1]. This equation requires improvement in precision both in respect to the 
dependence of n and in respect to the dependence on 
T. Even in its present form, however, it can be used 
for approximate calculation of the isotherm of adsorp- 
tion of the vapors of the investigated n-alkanes on the 
homogeneous surface of graphites and graphitized car- 
bon blacks, taking into consideration the above-noted 
dependence onn of the value a) (or we) and roughly 
assuming the dependence of wy on T to be the depen - 
dence of the molar volume of the liquid to the power 
*/,. The densely drawn curves in Fig. 6 represent the 
isotherms calculated from the BET equation with appli- 
cation of the constant K,(n) calculated from Eq. (6). 
The experimental points are close to the calculated 
isotherms. 


Work, heat and entropy of wetting of graphitized 


carbon black by n-alkanes. These values were calcu- 
lated for n-hexane in [1]. The data obtained in the 


present work are sufficiently complete in the region of 
high coverages for n-heptane and n-octane; they lead 
to the values shown in Table 4 together with those for 
n-hexane, The same table contains, apart from our 
experimental results, the results of direct measurements 
Fig. 6, Isotherms of adsorption of n-pentane (1), n- of the heats of wetting of Graphon carbon black [12] 
hexane (2), n-heptane (3) and n-octane (4)'on graphi- and of two specimens of graphite [13] by n-alkanes, 
tized carbon black. The bold curves are calculated on 
the basis of Eq. (6); the thin lines are based on experi- 
mental data, 


The dependences of the pure differential heats 
of adsorption of vapors Q, —L on a’ obtained by us by 


(3) 
AF® Ase = 
4 
k 
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TABLE 4 


Heat, Energy and Entropy of Wetting of Graphitized Carbon Black by n-Alkanes at 20° 


Heat in erg/cm Entropy 


Hydrocarbons our 


calculation | | 


n-Hexane 
n-Heptane 
n-Octane 


integration [14] and the magnitudes of the heats of wetting of graphitized carbon black by n-hexane, n-heptane 

and n-octane are in satisfactory agreement with the directly measured heats of wetting in other publications [12, 
13]. We see from Table 4 that the heat of wetting, unlike the standard heat of adsorption of the vapors, is inde- 
pendent of1i, and it therefore cannot be utilized for evaluation of the differences in the energy of the adsorption 


forces between molecules of n-alkanes and the surface of graphite, These forces are of very great theoretical 
and practical interest. 


The Energy of Adsorption Forces and the Heat of Adsorption 


As was mentioned in the introduction, the theoretical relation between the potential of the adsorption forces 
® acting between separate molecules of n-alkanes and the surface of graphite and the number of carbon atoms in 
these molecules is expressed by Formula (1). In order to verify this formula we need to determine the differential 

heats of adsorption on a homogeneous graphite surface 
kcal/ mole in the region of small oerengs. Since graphitization 
of carbon black at 1700° in a hydrogen stream leaves 
a certain proportion of heterogeneous surface with in- 
creased adsorption potentials, the evaluation of the 
magnitude of the differential heat of adsorption in the 
region of small coverages on a homogeneous surface 
of graphite necessitates extrapolation to a = 0 of the 
middle part of the curves of Q, versus 9 in the region 
of monomolecular coverage [1, 5]. This middle por- 
tion of the curves of Q, versus 9 no longer changes 
even at higher temperatures of calcination of carbon 
blacks (15). The values of Q,~» obtained in this man- 
ner (Fig. 3) represent the differential heats of adsorp- 
tion at the start of monomolecular coverage on a homo- 
, geneous surface, and they can be compared with the 
Fig. 7. Dependence of the energy of adsorption of 2 ‘ 
theoretical values of the energy of the adsorption forces 
n-alkanes on graphitized carbon black on the number . 
® calculated from Formula (1), The comparative values 
of carbon atoms in the molecule of n-alkanes: the : 
appear in Table 5, which also includes the value of 
straight line is plotted on the basis of Eq. (1); the points 
ane Gates Cine and Qa=o for butane calculated from the value of Q,~» for 
* 1-butene, which is equal to 8.2 kcal/mole, allowance 
being made for the 0.4 kcal/mole difference in their 
heats [4]. We see from Table 5 that for all of the five n-alkanes the theoretically calculated values of —® are 
in close agreement with the experimental values of the heats of adsorption Q, _,.° 


These experimental values of Q, 9 are plotted in Fig. 7 together with those of Q). In this graph the straight 
line represents Eq, (1), We also see that the theoretically calculated increment of the energy of the adsorption 
forces — & of 1.85 kcal/mole adequately describes the change of the heat of adsorption Qa=» by one CH, group. 
The standard values of Q) are likewise extremely close to the theoretically calculated values of — %, 


* Deviations from Eq, (1) are possible for the first members of the series [1]. 


123 103 82 —-0.14 
: 127 112 92 —-0.12 
125 127 120; 123 = - 
> 
‘ 
1059 


TABLE 5 


2# e Comparison of Theoretically Calculated Values of the Energy of Adsorption of n-Alkanes 
4 on Graphite — with the Initial Values of the Differential Heats of Adsorption Q,~» of 
= These Hydrocarbons on Graphitized Carbon Black 
in kcal/mole in kcal/mole 
+ n=Butane 8.3 8.6 (according to [4]) 
n-Pentane 10,1 10.0 
n-Hexane 12.0 11.8 
n-Heptane 13.9 13.6 
n-Octane 15.7 15.5 
SUMMARY 


1, Determination of the absolute isotherms of adsorption and of the differential heat of adsorption of vapors 
of n-pentane, n-heptane and n-octane on graphitized carbon black were carried out in a calorimeter with constant 
heat exchange. These isotherms were compared with those previously determined for n-hexane, 


2, The thermodynamic characteristics of the adsorption of the vapors and of wetting were determined for 
these hydrocarbons, Standard values of the heat, the total and free energy and the entropy of adsorption are linear 
functions of the number of carbon atoms n in the molecule of these hydrocarbons, The heat of wetting is inde- 
pendent of n, 


3. Anapproximate equation is given for calculation of the constant of the adsorption isotherm of the above 
n-alkanes on graphite for different n and for various temperatures. The equation is consistent with the experi- 
mental isotherms. 


4, The theoretically calculated dependence of the energy of adsorption of n-alkanes on graphite — = 
= 0.9+ 1.85 n kcal/mole adequately represents the heats of adsorption of these hydrocarbons on the homogeneous 
surface of graphitized carbon black. 


Note 


An investigation of the adsorption as well as of the heat and entropy of adsorption of n-butane on graphitized 
carbon black is reported in [16], It is interesting to compare the results there obtained with our own conclusions 
on the basis of the additive scheme proposed in the present paper and in [17] for the adsorption of n-alkanes, The 
following table contains the standard values (with surface coverage 9 = 0,5) of the heat of adsorption Q), change 


Method of 
calculation 


From experiments 


in [16] 
From the additive 20 
scheme 


of total energy AU’, free energy AF’, differential entropy AS° and mean molar entropy AS;p on adsorption, as 
well as the areas occupied by a molecule of n-butane in the compact monolayer we obtained from the experi- 
mental data of [16] and calculated according to our additive scheme. 


The tabulated results confirm our suggestion of the possibility of utilization of the additive scheme for cal- 
culation of the thermodynamic characteristics of adsorption of n-alkanes on graphitized carbon black. 


Received August 16, 1957 
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STUDIES OF THE ALUMINOUS REGION OF TERNARY 
ALUMINOSILICATE SYSTEMS 


2, THE SYSTEM BeO—Al,0,—SiO, 


F. Ya. Galakhov 


Beryllium silicates and aluminates are characterjzed by a high degree of refractoriness and can be used for 
the fabrication of new types of refractory equipment; in addition, their dielectric properties make them of interest 
for electrotechnical ceramics. Materials prepared from ternary mixtures of the oxides of beryllium, aluminum 
and silicon may be not inferior to the foregoing in value, 


The fusion diagram of the system BeO— Al,O3, first plotted by Wartenberg and Reusch [2], possesses a simple 
eutectic character. Geller and others [3] investigated synthetic chrysoberyl BeO - Al,O; and found that it melts 
without decomposition, Foster and Royal [4] found that 
still another compound BeO - 3A1,0, exists in the system 
BeO— Al,O3. They did not establish the melting charac- 
teristics of this compound, On we basis of a detailed 
investigation, Budnikov, Avetikov, Dudavsky and Zyva- 
gilsky [5] presented fuller data for the x-ray diagrams 

of the compounds BeO - 3A1l,03 and BeO- Al,O3. Lang, 
“tent Fillmore and Maxwell [6] re-examined the system BeO— 
nga” Al,O3; their phase diagram of the system is reproduced 
1900 oc ten | in Fig. 1; they found three eutectics and determined 
== the melting points of the compounds BeO - Al,O; and 


BeO *3A1,0;. The optical properties of these compounds 


1950 


1850 liquid are so similar that they are only distinguished from one 
me another by x-ray analysis, Two other crystalline 
Be0+ Be0-AL,0, peal a, phases of unknown composition were also detected in 


the system; one of them, with a refractive index of 


“7 70 80 90 Al,0, n & 1,80-1.81, is encountered in compositions distri- 
~ Bed wt. % buted between chrysoberyl and alumina; the other, 


with interplanar distances cf 3.13, 2,71 and 1.916, was 
isolated in compositions lying between chrysoberyl and 
beryllium oxide. 


Fig. 1. Phase diagram of the system BeO- Al,O, after 
Lang, Fillmore and Maxwell, 


Like the previous investigation [1] of the aluminous region of ternary aluminosilicate systems, the present 
work is restricted to the aluminous portion of the phase diagram of the system BeO— Al,0,—SiOp. 


EXPERIMENT AL 


The methods of investigation that we described in the preceding work on the systems FeO— Al,O,~—SiO, and 
MnO~ Al,03~SiO, [1] were supplemented here by determination of crystal phases with the help of x-ray analysis. 
For the latter purpose we used cameras with an effective radius of 57.2/2, copper radiation, and a nickel filter. 
We started from beryllium carbonate (“pure for anal.”) which was calcined to drive off the carbon dioxide, The 
fields of primary crystallization of the following known compounds were determined in the region of the ternary 


= 
caw 
q 
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TABLE 1 


Results of Heat Treatment of Specimens in the System BeO— Al,O,—SiO, 


Compesition, wt.% 


Duration 
BeO | Al,0O, | SiO, 


Mullite field 


30 sec | Glass 

30 Mullite + glass 

40 Mullite (rarely) + glass 

40 Mullite + glass 

40 Glass 

40 Mullite +BeO-3Al,0,(sec. phase) + glass 
40 Glass 

40 Mullite (-BeO-3A1,0s; (sec. phase) + glass 


60 Glass 
60 Mullite + BeO-.3A1,0, + glass 
5 Glass 
1550 5 ‘|Mullite + glass 


Corundum field 


30 sec Glass 
30 


Corundum (rarely) + mullite 
20 Glass 
20 "maa + glass 


20 
20 Corundum + glass 
BeO 3Al,0, field 
Glass 
ReO -3A1,03 + glass 
Glass 
-3A1,03 + glass 
Glass 
BeO -3A1,03 glass 
Glass 
BeO-3A1,03 + glass 
Gl 


ass 
BeO- 3A1.03 glass 
Glass 


BeO -3A1,03 + glass 


BeO-3Al.05 
Bede Al,O3 field 


Glass 
BeO- Al,03 + glass 
Glass 
BeO-Al,03 + glass 
Glass 
BeO-Al,03 + glass 
Glass 
BeO 41,03 + glass 
Glass 


BeO-Al,03 + glass 

Glass 

BeO- Al,O3 glass 
BeO-Al,03 + glass 
Rarely BeO- Al,0. + glass 
BeO- Al,Os3 glass 


Al,O3 field 
2 min Glass 
a 3BeO- Al,O3 + glass 


1» 3BeO- + glass 
1 » 3BeO- Al,03 + glass 


~ 
tempera 
Phases* 
= 
a 5 | 72 | 23 | 1850 7 
1800 
ao 10 | 67 | 23 | 1850 ie 
1800 
10 | 63 | 27 | 4750 * 
§ 1680 
10 60 30 1700 
41650 
12 | 57 | 31 
Se 10 | 45 | 45 a 
5 75 20 1800 
= 1750 
5 78 17 1900 
1850 
5 | 85 | 10 | 1900 
1850 
13 | 62 | 25 | 1700 
1650 
145 | 65 | 20 | 1700 
1650 
ee 10 | 72 | 18 | 1750 ae 
1700 
a 145 | 70 | 45 1800 SS 
1750 
ae 9 | 75 | 16 1800 aa 
1750 30 » 
ey 15 | 75 | 10 | 1800 | 60 » he 
50 | 30, | 
a3 10 | 80 | 10 | 1850 30» a 
1800 
145 | 40 | 45 | 1550 5 min 
1500 5 » 
at 20 | 50 | 30 | 4650 10 ». 
1600 10 » 
15 55 30 1650 2 » 
ae 17 | 60 | 23 1700 1 » is 
1650 14 » 
: 20 | 60 | 20 | 1750 1» 38 
1700 1 » 
=f 25 | 65 | 10 | 1750 1» ao 
1700 1 » 
20 | 70 | 10 | 41850 1» 
25 | 70 5 1800 30 sec oe 
1750 60» 
2) 45 | 30 | 1700 
i 30 | 50 | 20 | 41750 a 
1700 
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TABLE 1 (continued) 


Composition, wt% 
Ta 

Duration Phases * 

BeO | Al,0, | Sto, | ture, °C 


3BeO.- Al,O3 


4min Glass 
3BeO- Al,Os + glass 
Glass 
3BeO - + glass 
Glass 
3BeO- + glass 
Glass 
3BeO. Al,O, + BeO- Al,O,(little) + glass 


BeO field 


min |Glass 
BeO + glass 
BeO + Al,O; + glass 
BeO + glass 
BeO + 3BeO- Al,Os + glass 


* In the majority of the preparations the "glass" is a mixture of pure glass and fine crystals 
separating during the process of heat treatment, 


TABLE 2 


Interplanar Distances of Compounds in the System BeO-— Al,O, 


BeO 3BeO-Al,0, BeO- Al,0, Be 0-3A1,0, Corundum 


relative relative relative relative relative 
: inten- inten- d inten- d inten- 
sit 


2.69 

2.362 
2.237 
2.109 
2.04 

1.87 

1.629 
1.549 
1.434 
1.384 
1.444 
0.994 
0.865 
0.805 


RP CIN > 


828% 


diagram containing a high proportion of alumina; 1) corundum, a = Al,O3; 2) mullite 3Al,0,+ 2SiO,; 3) BeO- 
+ Al,O,; 4) BeO-Al,O3; and 5) 3BeO- Al,O, (the latter identified for the first time). Results of heat treatment 
of the investigated compounds are presented in Table 1. No difficulty was encountered in the determination of 
the fields of corundum and mullite, due to the considerable difference in the optical properties and form of the 
crystals here isolated. Difficulties arose in establishing the boundaries between the fields of BeO~ Al,O, and 


BeO *3Al,03. The nature of the crystals could not be clearly distinguished under the microscope, and x-ray analysis 
was therefore used for determination of the phases, 


According to the binary diagram of Lang, Fillmore and Maxwell [6], the curve of primary crystallization 
of BeO « Al,O; borders on the BeO curve. In the study of the phases separating in the ternary system it was found, 
however, that in the region in which beryllium oxide should have separated, another phase of unknown composi- 
tion crystallized; its field of primary crystallization lies between the fields of BeO~ Al,O, and BeO, Since the 


= 25 | 55 | 20 1700 
1650 
35 55 10 1800 
1750 
“= 30 60 10 1800 27) 
= 1750 
a 30 65 5 1800 
1750 
s 35 | 45 | 20 | 1800 2 = 
1780 4 
1700 1 
45 45 10 1850 1 
1800 1 
d 
| 
2.206 
2.062 
1.588 
4.237 
— 1.167 
1.147 
1.129 
0.91 
0.88 
0.865 
0.849 
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Fig. 2, Photomicrographs of crystals of 3BeO + Al,O; (a) and of BeO(b); reflected light 
(x 420). 


Fig. 3. X-ray diagrams of compounds in the system BeO—Al,03; a) beryllium 
oxide; b) 3BeO* Al,O3; c) BeO-Al,03; d) BeO- 3A1,03. 


field in question borders upon the side of the BeO— Al,O, triangle, it is evident that this side must also contain a 
figurative point of the composition of the crystalline phase under investigation. The composition of the new phase 
corresponds to the compound 3BeO-Al,O3. Investigation of a series of compositions in the system BeO— Al,O; con- 
firmed the existence of this compound, Its well-developed, elongated crystals, which separated from a sample 
containing 35% BeO, 55% AlpO, and 10% SiOg, are illustrated in Fig, 2a, Crystals of beryllium oxide are shown 

for comparison in Fig. 2b, Crystals of 3BeO * Al,O; have a mean refractive index of n = 1.720 and a birefringence 
of approximately 0.005; they have right extinction; the sign of the main zone is positive; m. p. 1980°; melting 
is accompanied by breakdown to beryllium oxide and liquid, Figure 3 shows the x-ray diagrams of beryllium oxide 


(a), 3BeO + (b), BeO (c) and BeO- 3Al,03 (d), The interplanar distances of compounds in the system 
BeO— Al,Oy are listed in Table 2, 
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Fig. 4, Phase diagram of the system BeO— Al,O, according to Lang, Fillmore 
and Maxwell, supplemented by the results of the present work; curve of cry- 
stallization of 3BeO AlgOs3. 


The x-ray analyses confirm the existence of the 
compound 3BeO-Al,03. The phase diagram of the 

system BeO- Al,O, according to Lang, Fillmore and 
Maxwell is plotted in Fig. 4 with the modifications 
in the crystallization curve of 3BeO + Al,O; resulting 
from the present work, 


The region of the ternary diagram of BeO— Al,0,— 
SiO, that was studied is represented in Fig. 5. This re- 
gion contains two invariant reaction points: 1) BeO— 
6%; AlzO3— 74% and SiOg— 20%; m. p. 1780°; 2)BeO — 
13%, AlgO3— 58% and SiO, 29%; m. p. 1630°. The 
boundary of BeO with 3Al,0; is reactive. 


I tender my profound thanks to the director of 
the physicochemical laboratory of the Institute of 
Silicate Chemistry, Academy of Sciences, USSR, Pro- 
fessor N, A. Toropov, for a number of valuable sug- 
gestions during the course of this work. 


Bed 
BeO-AL,0, Bel 3AL,0, 


Fig. 5. Region of the ternary BeO—Al,0,—SiO, 
diagram studied (wt.%). 


SUMMARY 
1. The aluminous region of the ternary system BeO— Al,O,—SiO, was studied. 
2, Formation of a new compound 3BeO* Al,O3; was established. 


3. A correction was introduced into-the phase diagram of the system BeO— Al,O; by plotting the limit of 
stability of the compound 3BeO - Al,O3. 


jliquid 
Be0+38e0-AL,0, 
4 1600 Be0-AL,0, 
0, |Be0-3AL.0, | 
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STUDIES OF THE TAUTOMERISM AND GEOMETRICAL ISOMERISM OF 
NITROGEN-CONTAINING DERIVATIVES OF CARBONYL COMPOUNDS 


I, POLAROGRAPHIC STUDY OF THE TRANSFORMATIONS OF SOME PHENYLHYDRAZONES 
IN METHANOL 


Yu. P. Kitaev and A. E. Arbuzov 


In 1899 Bieltz [1] observed the development of a bright-red color in certain phenylhydrazones under the 
action of light. This color disappeared in the dark and when the substance was dissolved in alcohol, The author 
attributed the phenomenon to the phototropic transformation of the hydrazone into an azo compound, Baly and 
Tuck [2] later detected this transformation in solution by a spectral method, Recently Grammaticakis [3] showed 
with the help of ultraviolet spectroscopy that hydrazones in solution are capable of being transformed into mixed 
azo compounds, some of which also undergo the reverse conversion to the hydrazones, Bamberger [4] and Fischer 
[5] succeeded in transforming benzene azoethane into acetaldehyde phenylhydrazone; Baly [2] also observed the 
formation of a small quantity of benzene azomethane by the action of phenylhydrazine on an alcoholic solution 
of formaldehyde, In this manner the occurrence of azohydrazone tautomerism in the case of arylhydrazones was 
demonstrated: 


Ar — NH — N= C— CH,R’ @ Ar—N= — CH,R’. 
| 
R 


R 


The possibility of existence of yet another tautomeric (enhydrazone) form of arylhydrazones was suggested [6, 7, 
9}, but no proof was put forward, 


There is an extensive literature on the stereoisomerism of arylhydrazones (for example [9-12]). Many exam- 
ples of the formation of two isomers during the preparation of arylhydrazones of some aldehydes and unsymmetrical 
ketones have been described (13-20, 11]. Up to now, however, no criterion has been found for differentiating be- 
tween the stereoisomers, and frequent analogies have been made with the isomerism of oximes. In the case of 
oximes the Beckmann rearrangement, the formation of nitriles, and the closure of the heterocyclic ring have 
permitted exact determination of the structure. Due to differences in structure, however, there certainly cannot 
be complete analogy between the isomerism of hydrazones and oximes; further study of the geometrical iso- 
merism of arylhydrazones is therefore necessary. 


Since it is known that tautomers [21] and stereoisomers (22, 23] are each reduced at their own specific po- 
tential at the dropping mercury electrode, we decided to employ the polarographic method for the study of trans- 
formations taking place when certain phenylhydrazones dissolve in alcohol. Solutions of the phenylhydrazones 
of acetone, methyl ethyl ketone, methyl isopropyl ketone and cyclohexanone in methanol were investigated. 
Polarograms were constructed during storage of solutions of these compounds in the dark, using a borate buffer 
at pH 7,2-7.5, at a temperature of 20°, A visual polarograph was used. The half-wave potentials (E */,), re- 
ferred to the saturated calomel electrode, were found graphically, Solutions were prepared in the light and were 
colorless at the start but turned yellow on standing in the dark; solutions of the phenylhydrazones of acetone and 


cyclohexanone retained this color for the whole period of storage while the remaining solutions gradually acquired 
a brownish tinge. 


| 
23 
| 
ai 
34 
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Fig. 1. Polarograms of acetone phenylhydrazone, Fig. 2. Polarograms of methyl ethyl ketone phenyl- 
hydrazone, 


Fig. 3. Polarograms of methyl isopropyl ketone phenylhydrazone, 


Fig. 4. Polarograms of cyclohexanone phenylhydrazone, 


Some of our polarograms are reproduced in Figs. 1-4; their numerical characteristics are given in Table 1. 


Polarograms No, 1 were obtained with freshly prepared solutions of the phenylhydrazones, but apart from 
the main wave they contain from one to three small waves at less negative potentials. The latter waves are satis- 
factorily reproducible. If, however, the polarograms were plotted with sufficient speed from just-prepared solution, 
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TABLE 1 
Wave characteristics 


Compound 


Olarogram 
Period of stor- 
H inmm 


Acetone 
phenylhydrazone 


San 


Methyl ethyl 
ketone phenyl- 
hydrazone 


= OO OT 


el | | 


idl 
| 


S 
lll 


Methyl isopropyl 
ketone phenyl 
hydrazone 


| 


| DAADW 


| | 320m & 


Cyclohexanone 
phenylhydrazon 


qa 


PETE 
> > 
= 
oS 
| | 
OO 


Benzaldehyde 
phenylhydrazone 


,> 
oo 


Acetone ethyl- 
phenylhydrazone 


t 


A 


or 


t 


it was sometimes possible to obtain a curve with one 
wave which coincided with the main polarogram No, 1. 
Transformation processes consequently commence with 
extreme rapidity when phenylhydrazones are dissolved 
in alcohol, 


Seven curves were obtained for each solution 
(Figs. 1-4 contain 5-7 curves out of 12-15 measured, 
since they adequately reflect the transformations that 
take place) and their changes reveal the following 
50 100 150 700-10'V regularities: the initial waves with E*/, = —1,4v 
gradually disappeared; waves with E'/, = —0.76 v 
Fig. 5, Polarogram of azobenzene, appeared and grew; this was followed as a rule by 
waves with E “le = —1.08 v which then decreased. In 
course of time the division of some of the waves into two new waves could frequently be observed; the potential 
of the dividing waves usually had a value close to the arithmetic mean of the potentials of the new waves. Of 
the members of the newly formed pair, the wave with the less negative potential gradually disappeared. 


Three pairs of waves can thus be traced in the sets of seven curves. Evaluation of the polarograms was 
effected in the following manner: polarograms were later constructed with methanolic solutions of azobenzene 


1V Vv vi 
a 
3} 19 40 
4 | 25 46 
5 1420 12 
4 | 24 
5 | 98 65 
6 [220 
3 1; 0 
4 | 23 140 
5 | 27 140 
5 
6 | 54 200 
4 1| 0 
2| 3 
3 7 
4 | 23 
2 | 13 
3] 20 
4 | 36 
6 5 | 68 
1} 0 
2) 4 
| 
50 
3 
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Fig. 6. Polarograms of benzaldehyde phenylhydrazone, 


as model of the azo form and with methanolic solutions 
of acetone ethylphenylhydrazone as a compound for 
which an enhydrazone could not exist, Winkel and 
Siebert showed by the polarographic method [22] that 
azobenzene in alcoholic solution changes to a labile 
syn-form under the action of light; this gradually re- 
arranges to the stable anti-isomer in the dark. The 
authors found the half-wave potentials of the syn- and 
anti-isomers, the values being,respectively,—0.68 v 
and — 0,96 v(the conditions in which the polarograms 
were obtained are not given in the paper), In our con- 
ditions azobenzene gave a wave at E*/, = —0.50 v 
(Fig. 5), It was therefore concluded that the above- 
Fig.7.Polarograms of acetone ethylphenylhydrazone, mentioned development of waves at potentials of —0.71- 
0.80 v, their splitting into waves with E’/, = —0.61- 
0.75 v and —0,84-0. 97 v, and the subsequent growth of the latter corresponded to the formation of a mixture of 
stereoisomers of the azo-form and to the gradual disappearance in the dark of the labile cis-isomer. 


The polarograms of benzaldehyde phenylhydrazone (Fig. 6) contain two pairs of waves in addition to the 
wave of the aldehyde itself which will be discussed in detail in the following communication; one pair of waves 
corresponds to the waves of stereoisomers of the azo form (E dP = — 0.56 and 0,896 v), while the other pair (E af > = 
=—1.08; —1.20 v) must belong to the two isomers of the hydrazone form 


CyH; — NH H CyHsNH 
/ 


N=C N=C 
. . \ 
anti-isomer C,H; syn- isomer H 
The polarograms of acetone ethylphenylhydrazone (Fig. 7) only contain two waves which correspond to its 
two possible tautomers: 


C,H; — N — N = C— CHs — N— NH —C = CH, 


| | | 


It is easy to guess that the wave with E'/, = —1.20 v belongs to the hydrazone form, and the wave with E '/, = 
= —1.50 v to the enhydrazone form. It was thus found that the half-wave potentials — 0.51-0.97 v correspond to 
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the waves of the geometrical isomers of the azo form; the half-wave potentials —1.0-1.30 v correspond to the 
waves of the isomeric hydrazones, while the potentials —1.40-1.55 v correspond to the isomeric enhydrazones. 


Evaluation of the sets of seven polarograms showed that the phenylhydrazones of acetone, methyl ethyl 
ketone, methyl isopropyl ketone and cyclohexanone and the ethylphenylhydrazone of acetone have anenhydra- 
zone structure in freshly prepared alcoholic solution, During storage of the solutions of these compounds in the 
dark, they are gradually transformed through the hydrazone forms into the mixed azo compounds, and rearrange- 
ment also takes place to the labile syn-isomers and the stable anti-isomers. In the case of the phenylhydrazones 
of methyl ethyl ketone, the geometrical isomers are detected in all of the tautomeric forms. 


TABLE 2 


Hydrazone 
form 


Enhydrazone 
form 


Azo form 


energy of 

—E of |trans tion 8 o 

Compound isomers jin kcal 
g per mole eas 
obs 
= x 
a 
2) 2 


CH, 


4.08 | — |18.0 
CH, | 1.45 


8.7] 20.2/1.08! 1.30/40. 4] 13.8] 4.4414 5.4 
CH, 


=~ 


to 


3 0.62/0.84/10.4) 16.6)1.00) 1.419) 8.7) 415.6) 41.44) — | — 
4 C,H,NHNH—C-CH 0.76)0.97| 9.7) 19.8 1.30 | — | 9.2) 4.45]/4.54) 4.2 
‘ 
(CHa). 
5 18. 9]1.08| 1,20] 5.5] — 
6 —|-—|-| 1.20 | — |13.8) 4.50 


| 
CH, 


Consequently, the polarographic data indicates that phenylhydrazones of aliphatic and alicyclic ketones 
can exist in alcoholic solutions in the form of three tautomeric forms and six geometrical isomers: 


R-CHCH,R’ CysH,;NH CsH;NHNH R’ 
C,H,NH R  C,H;NHNH H 
anti-N = N N=C C=C 
RCHCH,R’ 
azo-form hydrazone form enhydrazone form 


In the light of the foregoing considerations, we are forced to the logical conclusion that the compounds under in- 
vestigation possess the enhydrazone structure in the free state, i. e., contrary to the generally accepted concept 

they are not strictly hydrazones. We succeeded in finding a method of study of the tautomeric and stereoisomeric 
transformations and of the structure of arylhydrazones that enabled us to prove the correctness of Freer's theory [6] 
of the enhydrazone structure of acetone phenylhydrazone (put forward nearly 60 years ago). 
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Sums of heights of 
waves of curves 
Compound 


C,H,NHNH—C=CH-CH, | 25} 25 


CH, 


Vv Table 2 gives the half-wave potentials that we 


measured for the tautomers and stereoisomers of the 

Fig. 8. Polarograms of methyl ethyl ketone phenyl- phenylhydrazones that we studied; it also contains the 
hydrazone: 4-before electrolysis;4"- after electrolysis. energies of their reciprocal transformations calculated 

from the potential differences, as was done by Winkel 
and Siebert [22]. It should be noted that more accurate values can be obtained with the help of the differential 
or other polarograph with a higher resolving capacity than the apparatus that we used, since the potential differ- 
ences of the waves of the stereoisomers were frequently small and we observed superposition of waves, Resolu- 
tion of the waves only occurred when the concentrations of the respective forms differed considerably, 


A conspicuous feature revealed by the data of Table 1 and inspection of the polarograms is that the sum of 
the heights of the waves does not remain constant, In the case of benzaldehyde phenylhydrazone this may be due 
to the tautomeric and stereoisomeric transformations being accompanied by change of the solubility of the investi- 
gated solution in the buffer. The polarographic liquid was at first cloudy but later became perfectly transparent. 
The differing solubilities of the isomers of phenylhydrazones has been noted earlier [16], 


We know from the theory of polarography that the height of the wave depends upon the speed of diffusion of 
the substance to the electrode; the change in the total height of the waves may be explained as being due to the 
different rates of diffusion of the different tautomeric forms of the phenylhydrazones. To check this hypothesis, 
we recorded a polarogram from a solution of methyl ethyl ketone phenylhydrazone when the latter contained all 
of the three tautomers, and we then carried out the electrolysis of this solution at a potential of —1.55 v for 30 
min, During the electrolysis the concentration of tautomers would be expected to alter in proportion to their 
speeds of diffusion. On the polarogram recorded after the electrolysis, the enhydrazine wave had decreased by 
4 mm, that of the hydrazone by 6 mm, and that of the azo form by 10 mm (Fig. 8); i. e., the rates of diffusion 
of these forms were evidently in the ratio of 2:3:5, The accuracy of such a determination of the ratio of rates 
of diffusion is confirmed by the data of Table 3 in which are given the sums of the heights of the waves for the 
polarograms of Fig. 2 after allowing for the ratio of the rates of diffusion, 


The magnitude of the applied potential evidently has little influence on the diffusion speed, since otherwise 
our method of determ ination of the ratio of the diffusion speeds would have been found unsuitable. 


EXPERIMENT AL 
i. Preparation of the Phenylhydrazones 


The phenylhydrazones required for the work were prepared by the usual methods recommended in the litera- 
ture, 


Acetone ethylphenylhydrazone was prepared in the following manner; 100 g phenylhydrazone and 126 g 
ethyl bromide were refluxed for about an hour on a water bath, The resultant crystalline substance was dissolved 
(after cooling) in 1 liter of water, and the solution was heated for a short time to eliminate the excess of ethyl 
bromide, Addition was thereupon made to the solution of 55 ml of 50% NaOH and it was then extracted with ether 
(approximately 1 liter), The extract was dried with potassium carbonate and the ether was driven off to leave 
86,5 g of oily substance boiling at 110-118" (16 mm). To the product was added 50 ml acetone; the tempera- 
ture rose spontaneously by 28° and an emulsion was formed which was further heated for an hour on a water bath 


and then dried over fused potassium carbonate, Fractionation in a Widmer column (H = 12 cm) gave the follow- 
ing fractions: 


TABLE 3 
Jd 
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Fr. 1; 44—67°(2); 37.5g 
Fr. J; 78—81°(2); 46.4 
Fr . 90—99° (2); 25.49 


TABLE 4 


B. p. in °C MR 


p in mmH | found 


M. p., 
Compound °C 


1 128 (40) | 1.0123 | 1.5865 | 49.152] 83.2 

2 | Methyl ethyl ketone — | 141—2 (13) | 1.0034 | 4.5718] 53.333] 86.0 
phenylhydrazone 

3 | Methyl isopropyl ketone 108.5 (0.5) | 0.97544 | 1.5639 | 58.779} 93.6 
phenylhydrazone 

4 | Cyclohexanone phenyl- 73—5 - 78 
hydrazone 

5 | Benzaldehyde phenyl- 153—4 — — | 9% 
hydrazone 

6 | Acetone ethylphenyl- 79 —80 (2) — 
hydrazone 


The second fraction was redistilled; it was acetone ethylphenylhydrazone. 


The characteristics of the phenylhydrazones used in the work are presented in Table 4, 


2. Polarographic Study of the Tautomerism and Geometrical Isomerism of Phenyl- 


hydrazones 


A type M-8-2000 visual polarograph was used; it was supplied by Gorky University; its galvanometer had 
the following characteristics: = 10002; Royrey = 67002; T =17sec; 1 mm/m = 0.52-107°A. Characteristics 
of the capillary: T = 2,24sec; m = 8,917mg. The buffer was a borate buffer composed of 0.01 N KOH + 0.1 M 
HBO , which produced a pH of 7,2-7.5 in the polarographic cell, Polarograms were plotted at 20°; in the cell 
were placed 10 ml of buffer and 1-2 ml of the solution under test. A hydrogen stream was passed through the cell 
for 10 min prior to the polarographic determination. 


Preparation of solutions of phenylhydrazones, 


The following were dissolved in 50 ml methanol (pure for analysis): 


1. Acetone phenylhydrazone, 0.0603 g, or 0.8-107 mole /liter. 

2. Methyl ethyl ketone phenylhydrazone, 0.0893 g, or 1.1-107? mole /liter. 

3. Methyl isopropyl ketone phenylhydrazone, 0.0780 g, or 0.9+107? mole /liter. 
4, Cyclohexanone phenylhydrazone, 0.0665 g, or 0.7-107? mole/liter. 

5. Benzaldehyde phenylhydrazone, 0.0600 g, or 0.6-107? mole liter, 


In the remaining cases the solutions were of effective concentrations. 


Polarographic study of alcoholic solutions. 


10 ml of buffer and 1.0 ml of acetone phenylhydrazone were placed in the cell; the curves were recorded 
at '/s. of the galvanometer sensitivity. 14 polarograms were plotted in all, Methyl ethyl ketone phenylhydrazone 
was studied by taking 10 ml of borate buffer and 1.0 mm of solution; recordings were made at */9. of the galvano- 
meter sensitivity; 18 polarograms were plotted in all. In the case of methyl isopropyl ketone phenylhydrazone 
solution, 1.0 ml was likewise taken with 10 ml of buffer; curves 1 and 2 were plotted at +/;, of the sensitivity, 
curves 3, 6, and 7 at 4 Ios and the remainder at '/.,. 12 polarograms were recorded in the study of this solution. 
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The ratio of volumes of buffer and cyclohexanone phenylhydrazone solution was 5:1 and curves were plotted we SO 
at '/s; of the sensitivity of the apparatus; 9 curves in all were recorded, The test solutions of benzaldehyde a a 
phenylhydrazone and acetone ethylphenylhydrazone (which were made up in fortuitous concentration) were taken : 2 


in amounts of 1.0 ml each, and the galvanometer sensitivity was 1/49. The liquid in the polarographic cell was 
cloudy in the case of benzaldehyde phenylhydrazone before plotting of curve 5, and slightly opalescent during 
plotting of this curve. 


The solution of azobenzene (m, p. 64-65.5°) was prepared in the light in effective concentration; the 
polarographic determination was made at *<. of the sensitivity of the apparatus, The liquid in the cell was 


cloudy. 
SUMMARY 


1. The polarographic method was employed in a study of the tautomeric and stereoisomeric transforma- 
tions in alcoholic solutions of the phenylhydrazones of acetone, methyl ethyl ketone, methyl isopropyl ketone, 
cyclohexanone and benzaldehyde; the ethylphenylhydrazone of acetone was also studied. 


2, It was shown that in alcoholic solution phenylhydrazones are generally capable of existing in three tauto- 
meric forms, each of which in turns can be present as syn- and anti-isomers, On dissolution in alcohol the tauto- 


meric equilibrium 
CysHsNHNH — C = CHIR’ Col s;NHeN = C+CII,R’ = N — CH — 
| | | 
R 
is shifted to the side of the azo form. 


3. The half-wave potentials of the tautomers and stereoisomers of the various phenylhydrazones were deter- 
mined, and the energies of the reciprocal transformations were calculated from the data obtained, 


4, It was established that the phenylhydrazones of acetone, methyl ethyl ketone, methyl isopropyl ketone 
and cyclohexanone and the ethylphenylhydrazone of acetone possess the enhydrazone structure in the free state, 
LITERATURE CITED 
fl) H. Bieltz, J. Phys. Chem. 30, 527 (1899); Ann, 359, 42 (1908). 
[2] E. Ch, C, Baly and W, B. Tuck, J. Chem, Soc, 89, 982 (1906); C,. 1906, II, 495, 
[3] M, P. Grammaticakis, Bull. 14, 438 (1947), 
[4] E. Bamberger and W, Pemsel, Ber, 36, 56 (1903), 
[5] E. Fischer, Ber, 29, 795 (1896). 
[6] P. C. Freer, Ann, 283, 391 (1894), 
[7] P. C, Freer, Ber, 30, 736 (1897). 
[8] M, P. Grammaticakis, Comp. rend, 204, 502 (1937), 
(9] A. Hantzsch and F, Kraft, Ber, 24, 3524 (1891). 
[10] A. Hantzsch, Ber. 26, 9 (1893). 
{11} G. Lockemann and O, Liesche, Ann, 342, 14 (1905), 
{12} N. V. Khromov-Borisov, J. Gen. Chem, 25, 136 (1955).* 
{13] Zd. H, Skraup, Monatsh, 10, 401 (1889). 
[14] H. C, Ferlin, Ber, 23, 1574 (1890). 
[15] A. Krause, Ber, 23, 3617 (1890), 


(16] E, Bamberger and O, Schmidt, Ber, 34, 2005 (1901), 
Original Russian pagination, See C. B, translation, c 


1075 


: 

4 

: 

3,” 

3 

3 


[17] M. Busch, Ber, 45, 73 (1912). 
(18] W. Dirscherl and H. Nahm, Ber, 73, 448 (1940), 
(19] F, Ramirez and A, F, Kirby, J. Am. Chem. Soc. 76, 1037 (1954). 
[20] H. Bredereck, Ber, 65, 1833 (1932), 
([21] G. Semerano and A, Chisini, Gazz, 66, 504 (1936); C. A. 31, 3873 (1937). 
i [22] A. Winkel and H, Siebert, Ber, 74, 670 (1941). 
. [23] St. Wawzonek, Anal, Chem. 21, 61 (1949). 
: _ Received April 18, 1957 A. E, Arbuzov Institute of Chemistry, Kazan Branch 


of the Academy of Sciences of the USSR 


1076 


< 
we 


THERMOGRAPHIC STUDY OF REACTIONS BETWEEN ETHYLENE GLYCOL 
PHOSPHOROUS ACID AND ALKYL HALIDES 


B. A. Arbuzov, M. E. Saikina, and V. M. Zoroastrova 


In a number of papers by A. E. Arbuzov and co-workers [1] it was shown that cycloalkyl esters «of phosphorous 
acid can react in two directions under the action of alkyl halides; a) addition of alkyl halide with rupture of the 
ester ring; b) formation of the cyclic ester of the alkyiphosphinic acid: 


CH,-O 
P—OR+R'Hal 
CH,-O~ CH,-O~ “Hal. CH,HalCH,—O—P—OR 
i 


In later work by A, E, Arbuzov and N, A, Razumova [2] an interesting observation was made of the course 
of the reaction of esters of propylene glycol phosphorus acid with alkyl halides; they found that at low tempera- 
tures haloesters with an open chain are formed; at higher temperatures the latter split off a molecule of alkyl 
halide to give the cyclic ester of the alkylphosphonic acid: 


CH,— 0” CHs or ? 


CH, — O I 


| + RHal. 
CH;—CH--0~ ‘“o 


The open-chain ester is thus an intermediate in the rearrangement of the cyclic esters of phosphorous acid 


In an earlier publication [3] it was shown that the thermographic method can supply valuable data for the 
course of rearrangement of complete esters of phosphorous acid into esters of alkylphosphonic acids and, in parti- 
cular, for the formation of intermediate products during this rearrangement, The thermographic method might 
also be expected to be useful in the study of the process of rearrangement of cyclic esters of phosphorous acid. 


The present communication gives the results of a thermographic study of the reaction between alkyl esters 
of ethylene glycol phosphorous acid and alkyl halides. The compounds studied were the esters of ethylene glycol 
phosphorous acid'whose physical constants are presented in Table 1. 


The investigation was carried out with the help of a combination thermocouple in a PK~52 pyrometer, The 
reaction mixture (1:1 molar ratio) was first heated at the rate of 4-5° per minute, and the process was completed 


in the course of one hour, Under these conditions only one exothermic effect was detected on the thermograms; 
some of the thermograms are reproduced in Figs. 1-4 (Table 2), 


| 
4 
= 
| 
3 
= 
4 
4 
| 
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B.p. in °C (p in 
mm mercury 
coluinp 


44.5 (14) 4.2159 1.4440 
5i—51.5 (15) 4.1317 1.4395 
64—66 (12) 1.1026 4.4445 

53,5—54 (10—10.5)} 4.0829 1. 4348 
71—72 (8.5) 1.0819 4.4470 
54 (4—4.6) 4.0652 1.4420 


CH,0 
duo POCHCH-CHs 69.5—70(10—11) | 41. 1.4635 


POCH,+CH,B: 
0” 3 3B 


POC,H,+C,H.Br 


Fig. 1. 


+C3H,Br-a 


cH,—o 
| 


CH, —9~ 
258° 210° 


3 TABLE 1 
° 
‘3 |Formula of compoun« dy nD calcu- 
found 
atcc 
CH,0 
|” Spocn 
duo 26.77 | 26.96 
2 
2 aH, 31.66 | 34.62 
CH,O 
3 36.25 | 36.23 
CH,O 
CH,O 
CH,0 
CH,O 
6 SPoc,H,-i 0. 
7 35.74 | 35.33 
CH 
t? 
258 
~ 
Time Time 
| 
ray’ af 
202 
‘ 
Time Time a 
Fig. 3. Fig. 4. 
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Expt. no. 


tN 


13 


14 


CH,0 


TABLE 2 


NPOC.H; 
‘H,0 


Reacting substances 


SPOCH,+CH,Br 
CH,O 
CH,0% 
CH,0 


CH;0 


PPOCH 


CH,O 
1,0 
CHO, 


POCH,+CH,J 


Br 


H,-n+C,H,Br (n) 
H,O 

CH,O 


POC, H,-i+C,H,Br-t 
H,0 
CHO, 

CH,O 

CH,O 


CH,BrcH,op@ 
CHO, 


CH,O” C,H, 

SPOCH,+NaJ 
H,0 


Spoc H,+NaJ 
+Na 


The duration of the reaction was 7-12 minutes, 


Temperature 


f iso- 


merization re- 


jat start o 


Time of com- 


pletion of 
reaction 


10’20" 
9’ 
4)5’10" 
2)4/15" 
42/15" 
1)5’ 


8'45" 


P 


eak of 


Area of 


ceatial 


er in_cm‘ 


exothermic ef-- 
€ 


43.47 
50.97 
36.48 
1)15.53 
2)13.47 
34.20 
1)14.9 
2)11.3 
45.07 


63.07 


fect formed b 
e diff 


Remarks 


Fig. 


Fig. 


Fig. 
Fig. 
Fig. 


Fig. 


No effect (decomposition observed) 


16 


14 


6'45” 


ce 


33.65 


21.20 


Rate of Heating of Electric Furnace 4,5° per minute, Balast Resistance of Galvanometers: for 
the Differential Recording, 2793 Q; for the Simple Recording, 40,000 Q; Quantity of Investi- 
gated Substances, 0.0094 mole 


bo 


Only in the case of the isopropyl and isobutyl esters (6 and 8, Table 2) are two exothermic effects clearly 
exhibited on the thermograms (Figs. 5 and 6). 


A possible reason for the difference in thermograms is that under the chosen conditions, due to the high rate 
heating (4-5° per min), both of the exothermic effects could merge into a single overall effect.* Experiment No. 11 


(Table 2) indicates that the temperature of start of transformation of the intermediate product CH,BrCH,0 P “4 


CoH, OCaHs 


(220°) is lower then the maximum temperature reached in the process of isomerization of the starting substance 
under the action of the alkyl halide (C,HsBr) (238°) (see Fig. 2) into the end product — 


the cyclic ester of the alkylphosphonic acid, On repeating the experiments at a heating rate of the electric fur- 
nace of 0,4-0.5° per min, two thermograms are clearly visible on all of the thermograms (Table 3, Figs. 7-10). 


4 
a 
5 
| 
1 
86 17 8’ 53.53 | 
= 68 | 17 | 8 55.80 
3 
175 10 11 
184 42 3 
6 
1225 | 5 
2)250 2)8 
4 
8 
2)302 | 2)19 
9 
10 82.5 5 
aH, 
42 
= 195 
2 
Lee 
Jom 


+ CgHgBr 


CH,—O, 
252; 


225% 


H,—0 
it > 


POCH,+CH,Br 


Fig. 7. Fig. 8. 


It was desirable toestablish which:stages of the process of rearrangement correspond to the first and second 
exothermic effects of the thermograms. With this objective, in the case of the ethyl ester of ethylene glycol phos- 
phorous acid and ethyl bromide, we stopped the reaction at the maximum of the first exothermic effect and examined 
the product, After a number of fractional distillations we isolated a substance with b. p. 98-102° (1.5 mm); np 


1.4600; d3} 1.3891. The yield was 33%, The constants corresponded to those of the 8 -bromoethyl ester of ethyl- 
phosphonic acid [1]. 


It should be noted that apart from the above bromoester at the reaction stage corresponding to the first exo- 
thermic effect, a small quantity of low- and high-boiling products is formed and these hinder the quantitative se- 
paration of the bromoester. Investigation of the product corresponding to the second exothermic effect showed that 


it is the ethylene glycol ester of ethylphosphonic acid; b. p. 118-122° (2 mm); ny 1.4480; d5° 1.2633; found 
MR 28,97, calculated MR 29.43, 


In a special experiment the bromoester of ethylphosphonic acid in the pure form was subjected to thermo- 
graphic investigation for the purpose of confirming its character as an intermediate during the period of the first 
exothermic effect. Only one exothermic effect was then obtained, corresponding to the second effect of the pre- 


viously plotted thermogram, Distillation of the reaction product gave the ethylene glycol ester of ethylphosphonic 
acid with b. p, 118-122° (2 mm) and nf} 1.4492, 


H 
ro, 
POC4Hy 
CH,—o% 
o 
270 
5S 
4 
295 
255 

A 
Time 

Fig. 5. Fig. 6. 

H,+C2HsBr 
tt 
a5" 
198, 
a 
— 

100", 

48° 

Time Time 
13 
ys 

1080 


TABLE 3 


Results of Thermographic Investigation of the Isomerization of Cyclic Esters Under the Action 
of Alkyl Halides (rate of heating of electric furnace 0.4-0.5° per minute; L is the ballast re- 
sistance of the galvanometers: for the differential recording, 300Q; for the simple recording, 
40,000 Q; concentration of the substances investigated, 0.0094 mole ) 


Temperature at 
start of isomeri- | Ratios of areas 


zation, °C of peaks of first 

and second 

thermal effects 

on the différ- 

ential record- 
in 


Reacting substances 


periment No, 


Phase I hase II 
forma- forma- 
tion ion 


CHO, 
! +CH,Br 
CH,0 


CHO, 


CH,0% 
CHO, 
+C,H,Br-n 
CH,O 
-i+ r- 
¢H,07 aH, 


CH,O 
CH,O 
CH,0% 
CH,O 


+ 


POC;H,+C;H,Br 


POC,Hy-n+C,H,Br-n 


POC,H,-i+C,H,Br-i 


CH,O, 


CH,O 


POCaHS + Br 
SPOC Hy - + CyHyBr -/ 2 


Fig. 10, 


We can therefore conclude that the A. E, Arbuzov 
rearrangement of mixed cyclic esters of phosphorous acid 
Time under the action of alkyl halides proceeds stepwise, as 
Fig. 9. stated by A, E, Arbuzov and Razumova, At the investi- 


gated heating rates, the thermographic method does not 
reveal the addition of the alkyl halide to trivalent phosphorus in the case of cyclic esters, The products of the 


subsequent two steps of the reaction are easily detected on the thermograms and can be isolated in the pure form. 


: 
. 

Notes 

| 3 

4 100 295 

7.64 Fig.. 8 

3 

A 115 225 9.43 ee 

4 

120 190 5.24 Fig. 9 

5 

118 240 15.24 

6 130 225 7.20 

| 
d 125 6.25 
8 
80 178 5.42 Fig. 10 

18} 
” 
J 

cr 

Time 

120° 

23 
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Thermographic examination of the interaction of alkylethylene glycol esters of phosphorous acid with alkyl 


halides also enables us to explain the influence of the structure of the ester upon the course of this reaction; for o 
this purpose we determined the temperatures at which reaction between cthylene glycol esters and alkyl halides : 

commences, These temperatures were determined by drawing a tangent at an angle of 45° to the curve of the 


differential record where it deviates from the zero position during the thermal reaction, and projecting the point 

of contact onto the simple record. Calculation was made of the ratio of the areas of the peaks of the two exothermic 
effects (recorded by means of the differential recorder) which are proportional to the ratio of the thermal effects 

of formation of products at steps I and II of the reaction (Table 3), 


It follows from the data of Tables 2 and 3 that the smaller the alkyl radical the greater the facility of iso- 
merization of alkylethylene glycol esters of phosphorousacid, This suggests that the substances commence to react 
at a lower temperature and that reaction is accompanied by a large exothermic effect. The double bond in the 
allyl-ethylene glycol ester of phosphorousacid likewise imparts high reactivity, Comparison of the areas of the 
first and second exothermic effects (Figs. 7, 8, 9 and 10) with the corresponding two steps of the reaction and their 
ratio shows that the second step proceeds with less release of heat. With increasing size of alkyl radical of the 
mixed cyclic esterof phosphorous acid, the ratio of the areas of the peaks of the two exothermic effects on the dif- 
ferential record (which are proportional to the ratio of the thermal effects) is increased, i.e.,with rising molecular 
weight of alkylethylene glycol esters of phosphorous acid the facility of transformation of the product of step I of 
the reaction into the product of step II decreases, 


EXPERIMENT AL 


The thermographic investigation was carried out with a PK-52 pyrometer, The galvanometer of the pyro- 
meter had the following characteristics; the differential record galvanometer, 4.2-107!°A/mm; simple record 
galvanometer, 1.07°10°° A/mm. A chromel-alumel thermocouple was used. The rate of heating of the electric 

furnace was 0,4-0,5° per minute (the substances were heated for 8-10 hours) and 4-5° per minute (heating for 1 hr). 


The reacting mixtures (mixed cyclic ester pf phosphorous acid and corresponding alkyl halide) were weighed 
in equimolar amounts in Stepanov vessels which were sealed and placed in the metal block of the electric furnace. 
The heating of the electric furnace was regulated by means of an autotransformer. The calibration substance was 
butyl phthalate. 


Table 1 contains the physical data for the mixed cyclic estersof phosphorous acid. For isolation of the ethyl- 
ene glycol ester of ethylphosphonic acid in the rearrangement experiments, the product resulting from a series of 
distillations was finally distilled over silver oxide in order to eliminate traces of halide. 


SUMMARY 


1, A thermographic study of the isomerization of mixed ethylene glycol esters of phosphorous acid under the 
action of alkyl halides shows that,in harmony with the data of A, E, Arbuzov and N, A, Razumova, the reaction 
proceeds in two steps which are accompanied by exothermic effects. The thermographic records do not definitely 
indicate the step of addition of alkyl halide. The first step is characterized by rupture of the ring and formation 
of a mixed alkyl 8 -haloethyl ester of alkylphosphonic acid. The second step leads(with separation of the alkyl 
halide) to formation of the ethylene glycol ester of the alkylphosphonic acid. 


2, When the substances are heated slowly (0.4° per minute) the thermograms reveal two exothermic effects. 
When heating is at the rate of 4-5° per minute, the two effects merge into a single exothermic effect. 


3. The thermographic method provides the possibility of studying the influence of the ester radical of the 
mixed ethylene glycol ester of phosphorous acid and of the alkyl halide upon the rearrangement reaction. Alkyl 
iodides react at lower temperatures and with a greater exothermiceffect than alkyl bromides. 


LITERATURE CITED 


{1} A. E. Arbuzov, V. M. Zoroastrova, and N. I, Rizpolozhensky, Bull, Acad. Sci. USSR, Div. Chem. Sci. 
1948, 208; A. E, Arbuzov and V. M, Zoroastrova, Bull, Acad. Sci, USSR, Div, Chem. Sci. 1950, 357; Bull. Acad. 
Sci. USSR, Div. Chem. Sci, 1952# 770. 


* Original Russian pagination, See C. B, translation, 


wast 
: 
"7 
q 
d 
082 
1 
i 


[2] B. A. Arbuzov and A, V. Fuzhenkova, Proc, Acad. Sci. USSR “14, 89 (1957),* 


[3] N. A. Razumova, Dissertation, Kazan, 1954, 


Received January 29, 1957 A, M, Butlerov Institute of Chemical Research at the 
Kazan V. I, Ulyanov-Lenin State University 


* Original Russian pagination, See C, B. translation, 


4 
3 
ax 
BS 
< 
: 
1083 


ORGANOPHOSPHORUS DERIVATIVES OF ETHYLENIMINE 


9 


2. ADDITION TO DIALKYLPHOSPHOROUS ACID-ETH YLENEAMIDES OF HALOGENATED 
HYDROCARBONS AND OF HALOGENS 


N. P. Grechkin 


In the preceding communication we described a series of ethyleneamides of dialkylphosphorous acids and 
some of their transformations, e. g., addition (with ring rupture) of amines and mercaptans [1]. In the present 
paper we submit the results of a further study of the reaction of ethyleneamides of the acids mentioned above. 


According to the literature [2],*the free ethyleneamine reacts with alkyl halides (methyl iodide) to form 
trimethyl-8 -iodoethylammonium iodide. The reaction is stated to be explosive. An ethyleneimine ring with 
a hydrogen substituted by a phosphono group was found to be more resistant to the action of alkyl halides. The 
reaction then takes place only after fairly lengthy heating (3-4 hours) at relatively high temperatures (140-190°), 
In a study of the reaction of diethylphosphoric acid ethyleneamide with ethyl bromide and n-butyl chloride, we 
did not succeed in obtaining the expected reaction products, Under the conditions indicated above, part of the 
starting substances was recovered unchanged, while another portion of the products was an undistillable mass, The 
optimum reaction temperature is probably above the temperature of decomposition of the addition products formed. 


We obtained definite results on adding arylchloromethanes ‘benzyl chloride and a-chloromethylnaphthalene) 


to the same ethyleneamide. These halogenated derivatives add onto the ethyleneamide with rupture of the ethylene- 
imine ring according to the following scheme: 


CH, CH, — CH. C1 
CICH,Ar— — Ng 
CHs CH,Ar 


The correctness of this scheme is confirmed by the formation of the hydrochlorides of the corresponding amines 
on hydrolyzing the reaction products with hydrochloric acid (Table 2). 


With benzyl chloride the isolated product was nearly pure diethylphosphoric acid 6 -chloroethylbenzylamide 
(Table 1); reaction with a-chloromethyinaphthalene did not lead to isolation of the analogous product, but its 


formation was confirmed by separation of the hydrochloride of 8 -chloroethyl-a-naphthylmethylamine hydrochlor- 
ide on hydrolysis of the crude reaction product (Table 2), 


A study was then made of the addition of halogens to dialkylphosphoric acid ethyleneamides, Experiments 
revealed that chlorine adds on smoothly to these amides with rupture of the ethyleneimine ring and formation in 
good yields (in most cases 65-80% of theory) of the 8 -chloroethylchloramides of the dialkylphosphoric acids: 


CH, CH, — CH, Cl 
+ Cl, + (RO), P— NC 


Cl 


* Reference [2] does not contain the facts here attributed to it — Publisher. 
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The products obtained and some of their constants are 
listed in Table 3, 


Chloramides of dialkylphosphoric acids consti- 
tute a previously unknown class of compounds, as far 
as these acids are concerned, Our experiments showed 
that these compounds possess a fairly high reactivity. 
According to the literature, the chloramides of car- 
boxylic acids react anomalously with phosphites [3], 
Our chloramides, in which the chlorine bound to the 
nitrogen is also electropositive, undergo the Arbuzov 
rearrangement with phosphites by the usual route. The 
reaction goes smoothly at low temperatures of the order 
of —30 to—40° (dry ice— acetone mixture): 


10.15 


9.95 


77.70 


1 mm 


77.49 


CH, — CH,Cl 
q a 
N — CH, —CH,Cl + 
2 


O 
CgHsP (OC2Hg)2 + CaHsCl 


1.5013 


1.1621 
Decomposes at 180° at p 


Tetraethylphosphono (6 -chloroethyl) amide and the 
ethyl ester of ethylphosphonic acid were isolated and 
identified. Diphosphonamides of similar structure were 
previously synthesized in our laboratory by another 
route by Alimov [4]. 


151—154.5 (1.7) 


Or 
E 
= 


Diethylphosphoric acid 8 - chloroethylchloramide 
is capable of adding on to ethyleneamides of dialkyl- 
phosphoric acids likewise with cleavage of the ethyl- 
eneimine ring. The reaction leads to formation of 
symmetrical diphosphono hydrazines. We studied this 
reaction, using diethylphosphoric acid 6 -chloroethyl- 
chloramide and the ethyleneamide of the same acid 
as reactants, and we obtained symmetrical tetraethyl- 
diphosphonodi-8 -chloroethylhydrazine: 


\cuH,C,H,; 


\CH,C,.H; 


18) 


Addition compound 
' 


(C3H,O)PN 
(C,H,0)2PN 


CH, — CH.Cl CH, 


Halogenated 
derivative 
CICH,C,H, 


(C,Hs0)2 P—N + (C.H;0)2PN 


IN 
Oo Cl CH, 


(CgH,0).P — N — N — P 
O CH, CH, O 


Starting ethyleneamide 


TABLE 1 
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We also studied some chlorine-substitution reactions of the above-described dialkylphosphoric acid chlor- 
amides, These reactions have an anomalous course and do not lead to substitution products; detailed results will 


be described in one of the subsequent communications, - _ 
TABLE 2 
Cin % Win% 
Substituted amiue ot di- 
ethylphosphoric acid Amine hydrochloride M.p. found |calcu-] found ; calcu- . 
in °C lated lated 
52.19 6.39 
| 194192 52.42 6 34 
C,H,CH:” 52.29 6.38 
60.40 5.96 
CICH,—CH 
\CH,C,H, 60.55 5.87 


EXPERIMENTAL 


1. Addition of Benzyl Chloride to Diethylphosphoric Acid Ethyleneamide 


10 g of diethylphosphoric acid ethyleneamide and 7.1 g of benzyl chloride (equimolar quantities) were heated 
in a sealed tube for 4 hours at 135-145° and for 2 hours at 185°, Fractional distillation of the reaction mixture gave 
a fraction with b, p. 151-151.5° at 1.7 mm (6 g, yield 55% reckoned on the substances taken into the reaction), 


consisting of diethylphosphoric acid 6 -chloroethylbenzylamide; 2° 1.1621; nh 1.5013; found MR 77.49; calcu- 
lated MR 77,70, 


Found %: C 50.80; H 7,05; P 9.95, Cy3HgCINOsP. Calculated %: C 51.56; H 6,87; P 10.15, 


Hydrolysis of the amide with hydrochloric acid gave the hydrochloride of 8 -chloroethylbenzylamine with m. p. 
191-192° (from alcohol); the literature reports m. p. 192° [5]. 


2. Addition of a-Chloromethylnaphthalene to Diethylphosphoric Acid Ethyleneamide 


10 g of the ethyleneamide and 9,9 g of the halo compound were heated in a sealed tube at 165-185° for 
4hours, Distillation gave 9.5 g of starting substances and about 10 g of undistillable residue of viscous consistency. 
After hydrolysis with hydrochloric acid and removal of the HCl from the solution, a crystalline mass came down, 
Several recrystallizations from dichloroethane gave the pure substance in the form of leaflets with m. p. 196-198". 


Found %: C 60.40, 60.55; H 5.87, 5.96, CygHysClN. Calculated %: C 60.94; H 5.82, 


3. Addition of Chlorine to Dialkylphosphoric Acid Ethyleneamides 


Identical conditions were employed for addition of chlorine to the various ethyleneamides. Example: 
preparation of the chloroethylchloramide of diisobutylphosphoric acid, To a solution of 6.6 g of the amide in 
50 ml carbon tetrachloride was added a solution of the calculated amount of chlorine (2 g) in the same quantity 
of solvent, the temperature being maintained at 0°, After addition was complete, the mixture was left overnight. 
The nextday the solvent was removed in vacuo and the residue twice distilled (Table 3), 


4, Action of Diethylphosphoric Acid Chloroethylchloramide on Triethyl Phos phite 


6.4 g of phosphite was added dropwise to 9.7 g of the chloramide with stirring, the temperature being held 
at —35 to —50° (cooling with dry ice and acetone), 


The following fractions were obtained on distillation: 
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Fraction I, 47-56° (2mm); 2 g; ny 1.4718, ethyl ester of ethylphosphonic acid; Fraction II, 56-112", 
1.2 g; Fraction III, 118-147° (2mm); 9.5 g. 


From the third fraction was isolated 7.8 g of adequately pure tetraethyldiphosphonochloroethylamide (74% 
reckoned on the phosphite entering into reaction); b. p. of the pure substance (133-135° (1 mm); 42” 1.2114; 
nfy 1.4467; found MR 77,80; calculated MR 77,74, 


Found %: P 17,60; 17.86, Calculated %: P 17.68. 


5. Action of Diethylphosphoric Acid 8-Chloroethylchloramide on Diethylphosphoric 


Acid Ethyleneamide 


10.5 g of the chloramide and 7.5 g of the ethyleneamide were heated in a sealed tube at 120-130° for 6 hrs. 
After fractional distillation, 8 g of starting products was recovered unchanged. From the residue was isolated a 
fraction with b, p. 109° (approximately 1.3 mm), 4 g of symmetrical tetraethyldiphosphono-di-8 -chloroethyl- 
hydrazine (yield about 65% reckoned on the components entering into reaction) was obtained; 2° 1.1912; ny 
1.4484; found MR 96.48; calculated MR 95.75. 


Found %: P 14,68, 14.44, CygHogClyNgOgPg. Calculated %: P 14.45. 


The slight discrepancy between the calculated and experimental molecular refraction is evidently caused by the 
atomic refraction of nitrogen linked to nitrogen, 
SUMMARY 


1, 8 -Chloroethylmethylarylamides of dialkylphosphoric acids were obtained by addition of halogenated 


hydrocarbons to ethyleneamides of dialkylphosphoric acids, The addition reaction is shown to proceed with rup- 
ture of the ring. 


2, Addition of chlorine to ethyleneamides of dialkylphosphoric acids gave a series of 8 -chloroethylchlor- 
amides of dialkylphosphoric acids. : 


3. It is shown: a) that the synthesized chloramides undergo the Arbuzov rearrangement in the normal direc- 
tion; b) the chloramides add on to ethyleneamides of dialkylphosphoric acids with formation of symmetrical bis- 


di-alkylphosphono-di-8 -chloroethylhydrazines. 
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SYNTHESIS OF MIXED ESTER-AMIDES OF MONOTHIO- AND 
DITHIOPHOSPHORIC ACIDS 


K. V. Nikonorov and Z. G, Speranskaya 


It is known that esters of pyrophosphoric acid and their sulfur- and nitrogen-containing analogs possess quite 
considerable physiological activity. Thus, certain representatives of this class of compounds, for example, tetra- 
ethyl pyrophosphate, octamethyl tetraamidopyrophosphate and other compounds, are extremely powerful insecti- 


cides and find application in agriculture [1], Other compounds, such as tetraethyl monothiopyrophosphate, are 
used as medicinals. 


A large number of esters of pyrophosphoric acid have been investigated in the past, but very little attention 
has been paid to mixed esters of this acid. Preparation of compounds of this type is interesting also from the stand- 


point of the search for new insecticidal preparations, Results of experiments in this direction [2] are briefly re- 
ported in the present paper. 


Ester-amides of monothiopyrophosphoric acid were synthesized by the action of the acid chloride of tetra- 
methyldiamidophosphoric acid on dialkylthiophosphoric acids in presence of triethylamine according to the equa- 
tion [3}: 


{(CH,)2N]2 POC] + HOP(OR), + EtsN — P-O-P (OR): + EtsN- HCI. 


The reaction is conveniently carried out without a solvent by stirring the reactants at 40° for 4 hours, Gasoline 
may be added on completion of the reaction to facilitate separation of the end-product, 


Ester-amides of dithiopyrophosphoric acid were synthesized by reaction between the acid chloride of tetra- 
ethyldiamidophosphorous acid.and the corresponding dialkylthiophosphoric acid, followed by addition of sulfur to 
the intermediate product (without isolation of the latter from the reaction medium): 


+- HOP (OR), ++ EtsN S — PO P (OR); ++ EtsN- HCI. 
il 

S ss 

This reaction goes more slowly than that of formation of ester-amides of monothiopyrophosphoric acid, In the 

present case the reactants must be heated for 8-10 hours at 60-70°, 


The above reactions were used for preparation of the n- and isopropyl and the n- and isobutyl esters of 
tetramethyldiamidomonothiopyrophosphoric acid and tetraethyldiamidodithivpyrophosphoric acid, Their con- 
stants and insectidal activity (as tested on the granary weevil) are set forth in the table. 


The compounds listed in the table are colorless liquids with a faint odor, Initial tests by M. A. Kudrina 
(Kazan Branch of the Academy of Sciences, USSR) and E, A, Pokrovsky (Scientific and Research Institute of Fer- 


tilizers and Insectifungicides showed that compounds of this type possess insecticidal activity, both contact and sys- 
temic, but not as strong as that of, for example, tetraethylpyrophosphate and octamethyltetraamidopyrophosphate. 
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EXPERIMENT AL 


Preparation of Tetramethyldiamidodialkylmonothiopyrophosphates 


‘the dialkylthiophosphoric acid was first obtained by heating dialkyiphosphorous acid and sulfur powder at 
60° for 1 hour in presence of triethylamine, The acid chloride of tetramcthyldiamidophosphoric acid was then 
added, and the reaction mixture was stirred at 40° for 4-5 hours. The resultant viscous mass was diluted with 
gasoline (about 2 parts gasoline to 1 part product), the triethylamine hydrochloride was filtered off and washed, 
The gasoline was distilled off from the filtrate in a low vacuum, The reaction product was then distilled in vacuo, 


Tetramethyldiamidodipropylmonothiopyrophosphate, Prepared from 16.6 g (0.1 mole) dipropylphosphorous 
acid, 10,1 g (0.1 mole) triethylamine, 3.2 g (0.1 mole) sulfur and 17,05 g (0.1 mole) acid chloride of tetramethyl - 


diamidophosphoric acid, Two fractionations in vacuo from an Arbuzov flask gave 20 g (60% of theory) of tetra- 
me thyldiamidodipropylmonothiopyrophosphate with b. p. 159-160° (3.5 mm); nh 1.4700; %°1.1186; found MR 
82.78; calculated MR 82,62 


Found %: P 18,60, 18.59, CygHygP204NyS. Calculated %: P18.70. 


Tetramethyldiamidodiisopropylmonothiopyrophosphate, Prepared from 16.6 g (0.1 mole) diisopropylphos- 
phorous acid,10.1 g (0.1 mole) triethylamine, 3.2 g (0.1 mole) sulfur and 17,05 g (0.1 mole) acid chloride of tetra- 


methyldiamidophosphoric acid. Two vacuum distillations gave 16 g (yield 48% of theory) of tetramethyldiamido- 
diisopropylmonothiopyrophosphate with b. p, 150-152° (3 mm); nh 1.4665; 1.1247; found MR 81.93; calcu- 
lated MR 82,62 


Found %: P 19.4, 19.1. Calculated %: P 18,70. 


Dimethyldiethyldiamidodipropylmonothiopyrophosphate, Prepared from 16,6 g (0.1 mole) dipropylphosphoric 
acid, 10.1 g (0.1 mole) triethylamine, 3.2 g (0.1 mole) sulfur and 19.85 g (0.1 mole) acid chloride of dimethyl- 


diethyldiamidophosphoric acid. Two vacuum distillations led to isolation of 11.4 g (yield 31.7% of theory) of 
dimethyldiethyldiamidodipropylmonothiopyrophosphate with b. p. 149-152°(1.5 mm); nf 1.4710; dj 1.0950; 
found MR 91.89; calculated MR 91.86 


Found %: P 17,35, 17.25. CygH39O4NgP2S. Calculated %: P 17.22, 


Tetramethyldiamidodibutylmonothiopyrophosphate, Prepared from 19.4 g (0.1 mole) dibutylphosphorous 
acid, 10.1 g (0.1 mole) triethylamine, 3.2 g (0.1 mole) sulfur and 17.05 g (0.1 mole) acid chloride of tetramethyl- 


diamidophosphoric acid, Two fractional distillations from an Arbuzov flask in vacuo gave 14.2 g (yield 39.4% of 
theory) of tetramethyldiamidodibutylmonothiopyrophosphate with b. p. 154.4157° (1 mm); ny 1.4695; 7° 1.0883; 
found MR 91.45; calculated MR 91.86 


Found %: P 17.3, 17.3. Calculated %: P17.25. 


Tetramethyldiamidodiisobutylmonothiopyrophosphate, Prepared from the same quantities of components 


as in the preceding experiment. Vacuum distillation led to isolation of 6 g (yield 18.3% of theory) of tetramethyl- 
diamidediisobutylmonothiopyrophosphate with b, p. 159-160° (2.5 mm); ny 1.4650; d%°1.0823; found MR 91.96; 
calculated MR 91.86 


Found %: P 17,28, 17.4. Calculated %: P 17.25. 


Preparation of Tetraethyldiamidodialkyldithiopyrophosphates 


The dialkylthiophosphoric acid was first obtained by addition of sulfur to the dialkylphosphorousacid in pre~ 
sence of triethylamine, Addition was then made at 40° of the acid chloride of tetraethyldiamidophosphorus acid 
and the calculated quantity of sulfur powder, The reaction mixture was stirred at 60° for 8-10 hours, Gasoline 
was added at the end of the reaction, Removal of the triethylamine hydrochloride and the gasoline was followed 
by vacuum distillation, 
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Tetracthyldiamidodiethyldithiopyrophosphate, Prepared from 9.83 g (0.07 mole) diethylphosphorous acid 
7.2 g (0.07 mole) triethylamine, 4.55 g (0.14 mole) sulfur and 15 g (0.07 mole) acid chloride of tetraethylamido- 
phosphorous acid. Vacuum distillation from an Arbuzov flask gave 9 g (yield 44.8% of theory) of tetraethyldiamido- 


diethyldithiopyrophosphate with b, p. 153-156" (1-2 mm); 1.5000; 1.1097; found MR 99,63; calculated 
MR 99.353 


Found %: P 16.5, 16.7. CygH g9O,NgP2S_. Calculated %: P 16.5. 


Tetraethyldiamidodipropyldithiopyrophosphate, Prepared from i2.3 g (0.074 mole) dipropylphosphorous acid, 
7.5 g (0,074 mole) triethylamine, 4.74 g (0,148 mole) sulfur and 15.6 g (0.074 mole) acid chloride of tetraethyl- 
diamidophosphorous acid, Vacuum distillation from an Arbuzov flask gave 14.8 g (yield 49.5% of theory) of tetra- 


ethyldiamidodipropyldithiopyrophosphate with b. p. 167-170° (2-3 mm); nh 1.4970; dg’ 1.0890; found MR 108.60; 
calculated MR 108.589 


Found %: P 15.10, 15.10. CygHyO3NoP9S9. Calculated %: P 15.35. 


Tetraethyldiamidodiisopropyldithiopyrophosphate, Prepared from 7.9 g (0.0475 mole) diisopropylphosphorous 
acid, 4.8 g (0.0475 mole) triethylamine, 3.04 g (0.095 mole) sulfur and 10 g (0,0475 mole) acid chloride of tetra- 
eth yldiamidophosphorous acid, Distillation in vacuo gave 7 g (yield 36.5% of theory) of tetraethyldiamidodiiso- 


propyldithiopyrophosphate with b. p. 165-168° (2-3 mm); nf 1.4912; dj° 1.0746; found MR 108,60; calculated 
MR 108.58, 


Found %: P 15.30, 15.31. CygHyO3NeP2S2. Calculated %: P 15,31. 


Tetraethyldiamidodibutyldithiopyrophosphate, Prepared from 19.4 g (0.1 mole) dibutylphosphorous acid 
10.1 g (0.1 mole) triethylamine, 6.4 g (0.2 mole) sulfur and 21,05 g (0.1 mole) acid chloride of tetraethyldiamido- 
phosphorous acid, Fractional distillation in vacuo led to isolation of 16 g (yield 37% of theory) of tetraethyldiamido- 


dibutyldithiopyrophosphate with b, p. 172-175° (2 mm); nf 1.4960; dj° 1.0670; found MR 118.2; calculated MR 
117,82 


Found %: P 14.12, 14.05. CygHggO3NgPySy. Calculated %: P 14.35, 


Tetraethyldiamidodiisobutyldithiopyrophosphate, Prepared from 9.7 g (0.05 mole) diisobutylphosphorous 
acid, 5.05 g (0.05 mole) triethylamine, 3.2 g (0.1 mole) sulfur and 10.5 g (0.05 mole) acid chloride of tetra- 
ethyldiamidophosphorous acid, Distillation in vacuo gave 12.7 g (yield 58.8% of theory) of tetraethyldiamidodi- 


isobutyldithiopyrophosphate with b. p. 173-177° (2 mm); nf} 1.4880; d2°1,0567; found MR 117,70; calculated 
MR 117,82 


Found %: P 14.4, 14.05. CygH3gO3NoP2S2. Calculated %: P 14.35, 


SUMMARY 


1. Nine ester-amides of monothio- and dithiopyrophosphoric acids were synthesized. 


2. A preliminary evaluation of the toxicity of the prepared compounds for the granary weevil was given. 
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THE ACTION OF NITRIC ACID ON 1,1,5-TRICHLOROPENTENE=-1 
AND 1,1-DICHLOROPENTENE-1 


L. Zakharkin 


The nature of the interaction of nitric acid with halo-substituted olefins varies in dependence upon the struc- 
ture of the olefin and the reaction conditions, Thus, heating of 1,2-dichloroethylene with concentrated nitric acid 
leads to formation of only a small quantity of chloropicrin (trichloronitromethane); under similar conditions the 
main product of the reaction of trichloroethylene is dichlorodinitromethane, and only a little chloropicrin is formed 
at the same time [1]. Treatment of trichloroethylene with a mixture of concentrated nitric and sulfuric acids led 
to isolation of a compound C,HC13N,0, of unclarified structure [2], Fuming nitric acid oxidizes tetrabromoethylene 
to give tribromoacetyl bromide in high yield [3], while tetraiodonitroethylene under the same conditions gives a 
mixture of triiodonitroethylene and 1,2-diiodo-1,2-dinitroethylene [4], Fuming nitric acid converts tetrachloro- 
ethylene into 1,1,2,2-tetrachloro-1,2-dinitroethane [3], but a mixture of fuming nitric acid and concentrated sul- 
furic acid oxidizes it to trichloroacetyl chloride [5]. Investigations have also been made of the action of nitric 
acid on 1,1-dichloropropene~1 [6], 8 ,8 -dichlorostyrene [7] and 1,1-dichloro-2,2-diphenylethylene [8], Reaction 
of 1,1-dichloropropene~-1 with fuming nitric acid was found to lead to a mixture of products containing the NO, 
group, but their structure was not established, 8 ,8 -Dichlorostyrene and 1,1-dichloro-2,2-diphenylethylene undergo 
nitration in the benzene ring when treated with fuming nitric acid in the cold; heating of 1,1-dichloro-2,2-di- 
phenylethylene leads to nitration and oxidation to (Pp -NOgC,H,),CO, 


In the course of a study of the action of various oxidizing agents on the CCly=CH group, we have investi- 
gated the behavior of 1,1,5-trichloropentene-1 and 1,1-dichloropentene-1 toward concentrated nitric acid (d 
1.48-1.50). The reaction of nitric acid with these dichloroalkenes is a complex one, and in our opinion it is asso- 
ciated with initial oxidizing action of the nitric acid on the CClz=CH group, leading to formation of carboxylic 
acids and the appearance of oxides of nitrogen and chlorine in the sphere of the reaction; the latter in turn enter 
into reaction with the starting compounds. 


We isolated the following compounds as a result of treatment of 1,1,5-trichloropentene~1 with nitric acid: 
a,5-dichlorovaleric acid;1, ,1,2,5-pentachloropentane; 1,1,1,5-tetrachloro-2-nitropentane; and 1,1,5-trichloro- 
1,2-dinitropentane, The reaction products also included 1,1,5-trichloro-2-nitropentene-1 which could not be iso- 
lated in the pure state due to the difficulty of separation from pentachloropentane, 1,1,5-Trichloro-2-nitropen- 
tene~1 is possibly a secondary product formed in the course of the later treatment of the reaction products. The 
aqueous nitric acid layer after completion of the reaction contains the chlorine ion, 1,1-Dichloropentene~-1 reacts 
with nitric acid in analogous fashion and gives butyric and a-chlorovaleric acids; 1,1,1,2-tetrachloropentane; 
1,1,1-trichloro-2-nitropentane; and 1,1-dichloro-1,2-dinitropentane, Consequently, nitric acid reacts with di- 
chloroalkenes according to the equation: 


RCH,CH = CCl; + HNOs + RCH,COOH + RCH,CHCICOOH + 
+ RCH,CHCICCl, + RCH,CHNO,CCl,; + RCH,CHNO.CCI,NOg. 
= 
Formation of 1,1,1-trichloro-2-nitroalkanes during this reaction is of great interest, and may be attributed a 


to reaction of the HCl (obtained by oxidation of the CClz=CH group) with the nitric acid according to the well- 
known equation; HNO; + 3HCl = + Cl,+ 2H,0, The resultant NOCI adds on to the CClz=CH group to 
give 1,1,1-trichloro-2-nitrosoalkane which is oxidized by nitric acid to 1,1,1-trichloro-2-nitroalkane, Another 
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possibility, however, is the formation of NO,CI during reaction of products of oxidatiou of the CCl,=CH group 
with nitric acid; NO ,Cl can likewise add onto dichloroalkenes to give . above-mentioned reaction products, 


Products of addition of nitric acid to the CCly=CH group involving HO ! = or H ! ‘eae addition were not de- 


tected, a-Chlorovaleric and a, 5-dichlorovaleric acids are evidently Soot as a sett of oxidation of the CCl,= 
=CH group and not as a result of hydrolysis by nitric acid of the CClyCHCI group, since hydrolysis of this group 
[9] requires more drastic conditions and the use of nitric acid with a specific gravity of 1.51-1.52, 


The structure of 1,1,1,5-tetrachloro-2-nitropentane and of 1,1,1-trichloro-2-nitropentane was established 
in the following manner, These compounds were directly synthesized by the action of NO,C1 on 1,1,5-trichloro- 
pentene-1 and 1,1-dichloropentene-1, respectively. Contrary to what occurs with chlorinated ethylenes (dichloro- 


ethylene and trichloroethylene), addition of NO,Cl to dichloroalkenes is accompanied by addition of NO, to chlorine 
at the double bond: 


H (CH2)sCH = CCl, -+ CINO2 + H H (CH)3 CHCI—CCly+ 
NOs 
H (CH,)s CHCCI,NO, 
NOs 


Trichloronitropentanes and tetrachloronitropentanes, obtained by the action of nitric acid and nitryl chloride 
on the corresponding dichloro compounds, are identical in properties. Reduction of 1,1,1,5-tetrachloro-2-nitro- 
pentane with tin chloride and hydrochloric acid gives 1,1,1,5-tetrachloro-2-aminopentane, which was isolated as 
the hydrochloride. In the form of the free base, 1,1,1,5-tetrachloro-2-aminopentane readily cyclizes to a-tri- 
chloromethylpyrrolidine on heating in solution in ether or benzene. 


NO, HCI NH,* HCI HCCly 


The hydrochlorides, oxalates and N-acetyl derivatives of a-trichloromethylpyrrolidine obtained from both 
of the tetrachloronitropentanes were identical. Similarly, the trichloronitropentanes obtained by the action of 
nitric acid and nitryl chloride on 1,1-dichloropentene-1 are converted into the same 1,1,1-trichloro-2-amino- 
pentane on reduction with stannous chloride and hydrochloric acid. 1,1,1-Trichloro-2-nitropentane is converted 
into 1,1-dichloro-2-nitropentene-1 by treatment with triethylamine in benzene solution, Reaction of the latter 
compound or of 1,1,1-trichloro-2-nitropentane with sodium ethoxide in absolute ethyl alcoholic solution followed 
by decomposition of the reaction product with hydrochloric acid leads to the ethyl ester of a-nitrovaleric acid. 
Here the intermediate product is evidently the sodium derivative of the orthoethyl ester of a-nitrovaleric acid. 
Ethyl a-nitrovalerate was reduced to d /-norvaline by tin and hydrochloric acid: 


C,H,ONa, C,H,OH 


(C,H,),N C,H,ONa 
CCl, CHsCH,CH.C = CCl, CH sCH,CH,C-—-C (OC3Hs)s 
| C,H,OH 


NO, NOONa 


Sn 
sCH.CH,CH — COOC, CH,CH,CH,CHCOOH 
HC 


NO; NH, 
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The structure of 1,1,1,2,5-pentachloropentane was confirmed by its transformation into the known 1,1,2-trichloro- 
5-diethylaminopentene-1 (identified as the oxalate) by treatment with diethylamine. 


EXPERIMENT AL 


1. Action of Nitric Acid on 1,1,5-Trichloropentene-~1 


70 ml of nitric acid (d 1,495) was gradually stirred into 150 g of 1,1,5-trichloropentene~1 at a such a rate 
that the temperature of the reaction mass did not rise above 60°, At the end of the addition the nitric acid com- 
menced to evolve oxides of nitrogen, The stirred mixture was thereupon heated for an hour at 75-80°, cooled, 
and poured into water, The oil was extracted with chloroform, The chloroform extract was washed with water 


and then with dilute sodium carbonate solution until the acidic reaction products had been fully extracted, It 
was then dried over calcium chloride. 


The nitric acid solution obtained as a result of the reaction gave a precipitate of silver chloride with silver 
nitrate, Acidification of the sodium carbonate solution with hydrochloric acid led to separation of an oil which 
was extracted with dichloroethane, 24.5 g of acid products was obtained, consisting mainly of a,45-dichloro- 
valeric acid with b. p. 115-116° (1 mm); ny 1.4838, It gave an anilide with m, p. 58-59° (from benzene + li- 
groine), Literature data [10]: b. p. 129-131° (5 mm); ny 1.4835; anilide with m. p, 58-59", 


Removal of the chloroform left 149 g of neutral products from which the following fractions were obtained 
on fractionation in vacuo: fraction I with b, p. 85-110° (4 mm), weight 42.5 g; fraction II with b. p. 110-120° 
(4 mm), weight 67.5 g; and fraction III with b. p. 120-121° (4 mm), weight 32 g. 


Fraction II was 1,1,1,5-tetrachloro-2-nitropentane which had the following constants after fractionation in 
a column in vacuo: b, p. 105-106° (2 mm); np 1.5016; a2 1.4925; found MR 50.39; calculated MR 50.38. 


Found %; C 23,32, 23.50; H 2,63, 2.62; N 5.66, 5.56; Cl 55.60, 55.74, CsH7Cl4NO g. Calculated %: 
C 23.53, H 2.74; N 5.49; Cl 55.68. 


Fraction III was 1,1,5-trichloro-1,2-dinitropentane, which had the following constants after distillation in 
a column in vacuo; b. p, 113-114° (1 mm); nj 1.5035; d?°1.5298; found MR 51.34; calculated MR 51.13. 


Found %: C 22.54, 22.54; H 2.78, 2.64; N 10.36, 10.41, Calculated %: C 22.59; H 2.63; 
N 10.54, 


1,1,5-Trichloro-1,2-dinitropentane liberates iodine from an aqueous alcoholic solution of potassium iodide, 
This is evidence of the presence of the CCl,NO, group [1]. The compound does not undergo any change when a 


solution of 1,1,5-trichloro-1 ,2-dinitropentane is boiled in a mixture of acetic and hydrochloric acids, indicating 
the absence of CON bonds. 


Fraction I was a mixture of 1,1,1,2,5-pentachloropentane and (apparently) 1,1 ,5-trichloro-2-nitropentene-1, 
Reduction of this fraction with stannous chloride and hydrochloric acid resulted in conversion of the nitro com- 
pounds into other compounds, including 1,1,1,2,5-pentachloropentane could be easily isolated. The latter had 


b. p. 115-116°(8 mm); np 1.5132; 1.4802, Literature data [11]: b. p. 121-122°(12 mm); 1.5135; 
1.4807. 


Heating of pentachloropentane with an alcoholic solution of diethylamine at 100-110° for 6 hours gave 
1,1,2-trichloro-5-diethylaminopentene-1, from which an oxalate was prepared with m, p. 125-126° (from alcohol + 
+ ether), not giving a depression in admixture with an authentic specimen [12]. Fractionation in vacuo of the 
reaction mixture after reduction of fraction I gave, apart from 1,1,1,2,5-pentachloropentane, a low-boiling por- 
tion which on treatment with an alcoholic solution of 2,4-dinitrophenylhydrazine in presence of sulfuric acid gave 


the bis-(2,4-dinitrophenylhydrazone) of a-keto-5-chlorovaleraldehyde with m, p. 203-204° (from glacial acetic 
acid). 


Found %: N 22.77, 23,04, CyzHjsCIN,O,. Calculated %: N 22.65. 


Formation of the bis-hydrazone may be represented as follows: 
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Sncl, 2,4-DPH 
icl 


2,4-DPH Cl (CH), — CH = 


2. Reduction of 1,1,1,5-Tetrachloro~2-nitropentane 


To a solution of 75 g SnCl,- 2H,O in 120 ml concentrated hydrochloric acid was added 22 g 1,1,1,5-tetra- 
chloro-2-nitropentane with vigorous stirring. The heat of the reaction caused the temperature to rise to 90°, The 
stirred mixture was heated at 90-95° for 30-40 min, Nearly the whole of the oil dissolved during this treatment, 
and crystals came down, The hydrochloric acid was taken off in vacuo; the solid residue was dissolved in water 
and carefully (with intense cooling) made alkaline with concentrated sodium hydroxide solution until the initially 
precipitated tin hydroxide had completely gone into solution, The amine was extracted with ether. The ethereal 
solution was dried over potassium carbonate, The greater part of the ether was removed on a water bath, benzene 
was added to the residue, and the mass was refluxed for a short period; crystals gradually came down, consisting 
of the hydrochloride of a-trichloromethylpyrrolidine with m. p. 179-180° (from alcohol + ether). 


Found %: N 6.19, 6.10. CsHgCl4N. Calculated %: N 6.22, 


If the ethereal solution of the amide was not worked up as described above but was washed with dilute hydro- 
chloric acid and the hydrochloric acid solution was evaporated in vacuo, the main product was the hydrochloride 
of 1,1,1,5-tetrachloro-2-aminopentane with m. p. 162-163° (from hydrochloric acid). 


Found %: N 5,68, 5.75. CsHygClsN. Calculated %: N 5.35. 


Treatment of the aqueous solution of the hydrochloride of a-trichloromethylpyrrolidine with alkali gave 
a-trichloromethylpyrrolidine: yield 10.5 g, b. p. 64.5-65° (2 mm), np) 1.5162, dj” 1.3870; found MR 41.06, 
calculated MR 41,29, 


Found %: C 31.90, 31.79; H 4.16, 4.20; Cl 56,31, 56,65. CsHgCl,;N. Calculated %: C 31.83; H 4.23; 
Cl 56.49, 


a-Trichloromethylpyrrolidine distils in vacuo without decomposition anddoes not alter in storage. 


Treatment of an ethereal solution of a-trichloromethylpyrrolidine with oxalic acid gave the oxalate with 
m. p. 145-146° (from alcohol + ether), 


Found %: N 5.03, 4.92, CgHygCl;NO,. Calculated %: N 5.02, 


Heating of a-trichloromethylpyrrolidine with excess of acetic anhydride on a water bath gave the N-acetyl 
derivative with m. p. 71-72° (from ether + ligroine). 


Found %: N 6,08, 6.00. C7HygCl;NO, Calculated %: N 6.07. 


The trichloromethyl group of N-acetyl- a-trichloromethylpyrrolidine did not undergo hydrolysis when heated 
with concentrated sulfuric acid at 150-155°, Resinification occurred at higher temperatures, The hydrochloride, 
oxalate and N-acetyl derivative of a-trichloromethylpyrrolidine did not give a depression of melting point in ad- 
mixture with the corresponding derivatives of trichloromethylpyrrolidine obtained by reduction of the tetrachloro- 
nitropentane formed by reaction of 1,1,5-trichloropentene~1 with nitryl chloride (see below, experiment 9), 


3. Action of Nitric Acid on 1,1t-Dichloropentene-1 


Dropwise addition was made of 50 g nitric acid (d 1.495) to 50 g 1,1-dichloropentene-1 [13] with energetic 
stirring at 60°, The mixture was then heated at 80-85° for 30 min, cooled, and poured into water. The oil was 
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extracted with chloroform. The chloroform extract was washed with water and with soda solution and dried over 
calcium chloride. Acidification of the soda solution led to separation of an oil which was extracted with ether, 
8.4 g of acid reaction products was obtained, fractional distillation of which in vacuo gave a) 2.1 g of butyric acid 
with b. p, 59-60° (20 mm); nh 1.3975; the anilide with m. p. 95-96° did not undergo a depression of melting 
point in admixture with an authentic specimen of butyric acid anilide; b) 5.2 g of a-chlorovaleric acid with 


b. p. 104-105° (10 mm); b. p, 93-94° (5 mm); ny 1.4442; anilide with m, p. 63-64°, Distillation of the chloro- 
form solution in vacuo gave three fractions: 


Fraction I, b, p. 69-'75° (80 mm), 14.1 g; fraction II, b. p. 75-90° (8 mm), 24.1 g; fraction III, b. p. 95- 
110° (8 mm), 11.6 g. 


Fraction I contained 1,1,1,2-tetrachloropentane which was isolated in the pure state [b. p. 68-69° (7 mm); 
njy 1.4811; dj? 1.3335; literature data (11 b. p. 72-73° (8 mm); nf 1.4825; d{° 1.3339] after treatment of this 
fraction with stannous chloride and hydrochloric acid for elimination of nitrogen-containing admixtures, Frac- 
tion II was distilled in a column in vacuo to give 1,1,1-trichloro-2-nitropentane with b, p. 86-87° (9 mm); nh 
1.4760; d2° 1.3680; found MR 45.46; calculated MR 45.51. 


Found %: C 27.27, 27.18; H 3.53, 3.39; N 6.32, 6.46, CsHgCl;NO,. Calculated %: C 27.27; H 3.63; 
N 6.36, 


Fraction III was 1,1-dichloro-1,2-dinitropentane with b. p. 104-105° (10 mm); nj 1.4757; dj° 1.4001; found 
MR 46,31; calculated MR 46,26. 


Found %: C 26.44, 26.59; H 3.65, 3.80; N 12,98, 12.72; Cl 31.44, 31.60. CsHgClpNO,. Calculated %: 
C 26.01; H 3.46; N12,12; Cl 30.73. 


1,1-Dichloro-1 ,2-dinitropentane liberates iodine from an aqueous alcoholic solution of potassium iodide 
and is not hydrolyzed when boiled with a mixture of hydrochloric and acetic acids. 


4. Reduction of 1,1,1-Trichloro~2-nitropentane 


22 g of 1,1,1-trichloro-2-nitropentane was reduced with a solution of 75 g SnCl,* 2H,O in 120 mm hydro- 
chloric acid in a similar manner to the reduction of 1,1,],5-tetrachloro-2-nitropentane, There was obtained 9,1 


g of 1,1,1-trichloro-2-aminopentane with b. p. 72-73° (9 mm); ny 1.4816; a? 1.2510; found MR 43,38; calcu- 
lated MR 43,31. 


Found %: C 31.39, 31.21; H 5,25, 5.32; N 7.17, 7.22. CsHygCl3N. Calculated %: C 31.49; H 5.23; 
N 7,34, 


Treatment of an ethereai solution of the trichloroaminopentane with oxalic acid gave the oxalate with 
m. p. 136-137° (from alcohol + ether), 


Found %o: N 4.98, 4.97, Calculated N §,25. 


5. Action of NO,Cl on 1,1,5-Trichloropentene-1 


A stream of nitryl chloride was stirred into 175 g of 1,1,5-trichloropentene-1 and 1 g anhydrous ferric chlor- 
ide at—2 to 0° until saturated, Addition of NO,Cl took place with facility and necessitated continuous cooling 
to keep the temperature at the specified level, At the end of the reaction, the cooling was stopped and the mass 
was gradually brought to room temperature, A considerable volume of oxides of nitrogen was evolved. The reac- 
tion mass was diluted with chloroform and washed twice with water and soda solution, An oil did not separate 
when the soda solution was acidified, indicating the absence of acidic reaction products. The chloroform solu- 
tion was dried over calcium chloride. After removal of the solvent, the residue was fractionated in vacuo. The 
products were a) 1,1,1,2,5-pentachloropentane (53 g) with b. p. 115-116° (8 mm); ni 1.5135; 20 1.4807 (treatment 
of the pentachloropentane with diethylamine as described above gave 1,1,5-trichloro-5-diethylaminopentene-1 
whose oxalate had m. p. 125-126° and did not give a depression of melting in admixture with an authentic speci- 
men); b) 115 g 1,1,1,5-tetrachloro-2-nitropentane with b. p. 105-106° (2 mm); np 1.5016; a? 1.4929; found MR 


50.37; calculated MR 50,38; c) 20 g 1,1,5-trichloro-1,2-dinitropentane with b. p. 113-114° (1 mm); np 1.5035; 
1.5268. 


Sa 
: 
: 
eg 
1097 ie 


Reduction of the tetrachloronitropentane with stannous chloride and hydrochloric acid, as described above, 
gave a-trichloromethylpyrrolidine with b. p. 66-67° (2.5 mm); np 1.5160; d7” 1.3862, This a-trichloromethyl- 
pyrrolidine gave a hydrochloride with m, p. 179-180", an oxalate with m. p. 145-146", and an N-acetyl deriva- 
tive with m. p. 71-72°, which, respectively, did not undergo depression of melting point in admixture with speci- 
mens of hydrochloride, oxalate and N-acetyl derivative of a-trichloromethylpyrrolidine obtained in experiment 
No, 2. Mixing of equimolar quantities of 1,1,5-trichloropentene-1 and nitryl chloride at —40° resulted after a 
short time in a violent reaction of an explosive character, 


6. Action of NO;Cl on 1,1-Dichloropentene-~-1 


Reaction conditions were the same as for 1,1,5-trichloropentene-1, From 100 g of 1,1-dichloropentene~1 
were obtained: a) 32 g of 1,1,1,2-tetrachloropentane with b. p. 68-69° (8 mm); nh 1.4810; a 1.3338; b) 62.6 g 
of 1,1,1-trichloro-2-nitropentane with b. p. 84-85° (8 mm); nf 1.4770; d° 1.3655; c) 10.3 g of 1,1-dichloro- 
1,2-dinitropentane with b, p. 72-73° (2 mm); nfy 1.4754; a2? 1.3995. Reduction of the 1,1,1-trichloro-2-nitro- 
pentane (obtained in this reaction) with stannous chloride and hydrochloric acid gave 1,1,1+trichloro-2-amino- 
pentane with b. p. 70-71° (9 mm); nj} 1.4818; & 1.2498, whose oxalate had m, p. 136-137° (from alcohol + ether) 


and did not show a depression of melting point in admixture with a specimen of the oxalate of the trichloroamino- 
pentane obtained in experiment No. 4. 


7. 1,1-Dichloro-2-nitropentene-1 


15 g of triethylamine was gradually stirred into a solution of 22 g of 1,1,1-trichloro~2-nitropentane in 50 
ml benzene. The reaction was exothermic, The mixture was stirred at 50-60° for an hour, cooled, and washed 
with dilute hydrochloric acid, The benzene solution was filtered from the resin and dried over calcium chloride. 


Distillation in vacuo gave 14.5 g of 1,1-dichloro-2-nitropentene-1 with b. p. 67.5-69.5° (8 mm); np 1.4807; 
2° 1.2935. 


Found %: C 32,89, 32.80; H 3.90, 3.95; N 7.78, 7.68. CsH7Cl,NO,. Calculated %: C 32,60; H 3.80; 
N 7.60. 


8. Ethyl nitrovalerate, 


To a solution of 6 g sodium in 80 ml absolute ethyl alcohol was gradually added 13.1 g 1,1-dichloro-2- 
nitropentene-1 while cooling with iced water. The reaction mixture was boiled for 3 hours, after which the al- 
cohol was taken off in vacuo. Trituration of the residue with water led to crystallization of the sodium salt of the 
orthoethyl ester of a-nitrovaleric acid with m, p, 150-151° (with decomposition) after recrystallization from water. 


Found %: C 48.56, 48.44; H 8.13, 8.08. CyyHgNO;Na,. Calculated %: C 48.70; H 8.12. 


The sodium salt was decomposed with dilute hydrochloric acid to give an oil which was extracted with ether, 
and the ethereal solution was dried over sodium sulfate, Distillation in vacuo gave 9,2 g of ethyl a-nitrovalerate 
with b. p. 89-90° (8 mm); nt 1.4268; 2 1.0686; found MR 42.03; calculated MR 41.80. 


Found %: C 47.80, 47.85; H 7.51, 7.49; N 8.18, 8.24, C7Hy3NO4. Calculated %: C 48.00; H 7.42; 
N 8.00. 


Ethyl a-nitrovalerate was similarly obtained by treatment of 1,1,1-trichloro-2-nitropentane with sodium 
ethoxide in alcoholic solution, 


9. a-Aminovaleric Acid 


6 g of ethyl a-nitrovalerate was stirred into 20 g of tin and 120 ml of hydrochloric acid, Heat was re- 
leased during the reduction, The mixture was stirred at the boil for 3 hours, The transparent solution was decan- 
ted from the unreacted tin and evaporated in vacuo, The residue was dissolved in water and the tin precipitated 
with hydrogen sulfide, The solution was again evaporated in vacuo, and a small quantity of dilute ammonia solu- 
tion was added to the residue until this was alkaline to litmus. The excess of ammonia was driven off in vacuo. 
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Free a-aminovaleric acid (dl-norvaline) was isolated with SDV cationite as described in [14]; yield 2.4 g. After 
recrystallization from water its melting point was not depressed in admixture with an authentic specimen of a- 
aminovaleric acid, It forms a copper salt when heated with copper carbonate, 


SUMMARY 


1. Treatment of 1,1-dichloropentene-1 with nitric acid gave butyric and a-chlorovaleric acids, 1,1,1,2- 
tetrachloropentane, 1,1,1-trichloro-2-nitropentane and 1,1-dichloro-1,2-dinitropentane., The reaction with 1,1,5- 
trichloropentene~1 takes a similar course, 


2. Nitryl chloride adds on to 1,1-dichloropentene-1 with formation of 1,1 ,1-trichloro-2-nitropentane (main 
reaction product), 1,1,1,2-tetrachloropentane and 1,1-dichloro-1,2-dinitropentane, The reaction with 1,1,5-tri- 
chloropentene~1 goes in similar fashion, 


3. 1,1,1-Trichloro-2-nitropentane was converted to ethyl a-nitrovalerate, reduction of which gave a-amino- 
valeric acid. 

LITERATURE CITED 
{1] R. B. Burrows and L, Hunter, J, Chem, Soc, 1932, 1357. 
[2] M. J. Boseken, Rec, trav. chim, 32, 17 (1913). 
(3] J. W. Nef, Ann, 308, 324 (1899). 
[4] H. Biltz, Ber, 35, 1528 (1902), 
(51 
[6] A. Pinner, Ann, 179, 21 (1875). 


— 


1, Biltz, Ber, 35, 1533 (1902), 


(7] A. Dinesmann, Compt, rend, 141, 202 (1905), 

[8] K. Lange and A, Zufall, Ann, 271, 1 (1892), 

[9] 
[10] 


R. Kh, Freidlina and E, I, Vasilyeva, Proc, Acad, Sci, USSR 100, 85 (1955). 
A 
{11} A. N. Nesmeyanov, R. Kh, Freidlina, and L. I, Zakharkin, Proc, Acad, Sci, USSR 96, 87 (1954), 
L 
A 
E 


. N, Nesmeyanov, V. N,. Kost, and R, Kh, Freidlina, Proc, Acad, Sci. USSR 103, 1029 (1955), 


(12) 
(13) 
(14) 


. I, Zakharkin, Bull. Acad. Sci. USSR, Div. Chem. Sci. 1955,°1009. 
..N,.Nesmeyanov and L, I, Zakharkin, Bull, Acad, Sci. USSR, Div. Chem, Sci, 1953,°988, 


. I. Vasilyeva and R. Kh, Freidlina, Bull, Acad, Sci, USSR, Div. Chem, Sci, 19567177. 


Received May 13, 1956 Institute of Heteroorganic Compounds of the Academy 
of Sciences, USSR 


* Original Russian pagination, See C, B, translation, 


1099 


“el 
J by x 
a AL 2 
——— 
ey 


THE COPOLYMERIZATION OF CHLOROPRENE WITH VINYL ESTERS 


2, THE “COPOLYMERIZATION LIMIT* AND THE REACTION VELOCITIES DURING 
COPOLYMERIZATION OF CHLOROPRENE WITH VINYL ESTERS 


S. N. Ushakov and L. B. Trukhmanova 


The phenomenon of the “copolymerization limit" was observed in 1945 by Medvedev, Abkin and Gindin [1} 
while studying the copolymerization of butadienes with nitriles [2], It consists in the termination of the polymeri- 
zation reaction even though one of the monomers is still present in the system and the second component has been 
entirely used up. Polymerization stops irrespective of whether the easily polymerizable component (acrylonitrile) 
or the difficultly polymerizable one (butadiene) has been used up. A consequence of the phenomenon of poly- 
merization “limits” is that, depending upon the composition of the starting mixture, polymerization can proceed 
only up to a certain percentage transformation (in the system mentioned r, = 0.33 and rz = 25). 


Gindin, Abkin and Medvedev [3] rearranged a differential equation of the type of (1) 


dM, 
dM, 


M, 


M, 
M,+r.M, 


(1) 


and derived a new equation for determination of the copolymerization limit; they started from the case when 
ty = a = 0,1, e., when the component A does not separately polymerize but copolymerizes with the second com- 
ponent B. It is possible to reach the stage when component B is fully consumed and only component A remains 

in the system in the amount of M™?; the reaction then stops: 


lim A= 


(2) 


The copolymerization limit L, expressed in molar proportions of the starting mixture, may be calculated from the 
equation 


Ag+ By—M- 


zim 


where M— Be 


(Zo — #55) ; Mis the integration constant; 


a and 6 are the copolymerization constants, 


It is necessary to point out that Eqs. (2) and (3) are valid only when Zo = 3 >i , since other- 


wise the constant M is an imaginary magnitude. This equation also applies to the cases when a # 0, but is a 
small magnitude. In the course of the reaction the concentration of component B becomes extremely small while 
the concentration of component A is still large. 
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TABLE 1 


Dependence of Degree of Copolymerization of Chloro- 
prene with Vinyl Formate on the Reaction Duration 

for Various Compositions of Starting Mixture (tempera- 
ture 65°, 0.2% benzoyl peroxide) 


formate 
polymerizatio 
polymerizatio 


Mole% of 


‘prene to vinyl 


3 
3 


ratio of chlor 
in 
starting mix- 


Period of 


100 


hh 
= 


ow 


Vinyl 
formate 


The literature also describes a considerable num- 
ber of binary systems which are characterized by the 
velocity of copolymerization of the respective mono- 
mers being always lower than the velocity of their 
separate polymerization, A particularly striking exam- 
ple of such a system is styrene—vinyl acetate [4], Poly- 
merization could only be effected to a minute extent 
after a long period when small quantities of the more 
active monomer (styrene) was added to the inactive 
monomer (vinyl acetate) in presence of low concentra- 
tions of benzoyl peroxide, The inhibiting effect of 
acrylonitrile, methacrylonitrile, methacrylamide, 
acrylamide and ethyl methacrylate upon the polymeri- 
zation of vinyl acetate inemulsion and in solution in 
ethylene dichloride has also been described [5]. 


An inhibiting effect of vinylcarbazole upon the 
polymerization of vinyl formate, vinyl acetate, vinyl 
propionate and vinyl butyrate has been observed by 
Ushakov and Nikolaev [6]. In these systems even an 
insignificant amount of vinylcarbazole (1%) leads to 
a sharp drop in velocity of polymerization, Abkin [7] 
has made a very careful study of this inhibiting action 
on thesystems vinyl chloride—vinylidene chloride; 
vinyl chloride—1,3-butadiene; and styrene—vinyl ace- 
tate, Marked inhibition of polymerization occurs in 
all of these systems in the zone of low relative quanti- 
ties of the more reactive monomer, We studied the 
copolymerization limit for the systems comprising on 
the one hand chloroprene (i. e., 2-chloro-1,3-butadiene) 
and on the other hand vinyl formate, vinyl acetate, 
vinyl propionate and vinyl butyrate. The properties 
of these starting substances and the constants of co- 
polymerization of chloroprene with the vinyl esters 
are given in the preceding paper [8]. 

1. "Limit" and Velocity of Copolymeri- 


zation of the System Chloroprene — Vinyl 
Formate 


Under the experimental conditions (temperature 
+65°, 0.2% benzoyl peroxide) and with excess of ester 
in the starting mixture, after the attainment of a cer- 
tain degree of conversion (always constant for a given 
starting ratio of monomers) the degree of polymeriza- 
tion scarcely increases with increasing period of copoly- 
merization, Increasing duration in experiments with 
excess of vinyl formate in the starting mixture only 
brings about formation of insoluble cross linked pro- 
ducts, We made a particularly close study of the co= 
polymerization limit in the system chloroprene—vinyl 
formate, The limits observed for various compositions 
of starting mixture are shown in Table 1. 


Table 1 and Fig. 1 illustrate the dependence of 
the degree of copolymerization of chloroprene with 
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Fig. 1. Degree of copolymerization of chloroprene Fig. 2. Degree of copolymerization of chloroprene 
with vinyl formate as a function of duration of reac~ with vinyl formate as:a function of the composition 
tion with various compositions of starting mixture of the starting mixture at various durations of reac- 
(65°, 0.2% benzoyl peroxide). tion (65°, 0.2% benzoyl peroxide): 1) 50 hrs; 2) 30 hrs; 
3) 15 hrs, 


vinyl formate on the duration of reaction with various ratios of components, Data are also given for the limits 
of copolymerization when using excess of vinyl formate. 


We see from Table 1 and Fig. 1 that falling content of chloroprene in the starting mixture is accompanied 
by decrease of the observed limit of copolymerization, The lowest limit of copolymerization was observed when 
the starting mixture contained approximately 2 mole% of chloroprene (chloroprene/vinyl formate molar ratio = 
= 1:50), In this case the yield of copolymer was only 0.1% after copolymerization for 50 hrs, Comparison (Fig.1) 
of the total velocities of copolymerization of different starting mixtures at the initial instant shows that they de- 
pend very markedly upon the composition of the starting mixture. Pure chloroprene and pure vinyl formate noly- 
merize at quite high velocities, but the velocities of copolymerization at all of the starting ratios of components 
were considerably lower than the velocities of their separate polymerization. The data can also be represented 
as a plot of the degree of copolymerization (measured after a definite period of time) against the composition of 
starting mixture, In Fig. 2 this relation is plotted for periods of 15, 30 and 50 hrs. Results are also given in Table 2. 
The graphs (Fig. 2) show that even a small addition of chloroprene to vinyl formate very markedly slows down the 
polymerization of the ester, whereas the addition of small quantities of the ester has only an insignificant effect 
upon the polymerization of chloroprene. Maximum retardation of copolymerization occurs with a content of 
2 mole% of chloroprene in the starting mixture. With increasing content of chloroprene in the starting mixture, 
the overall velocity of copolymerization gradually rises. 


A fair number of pairs of polymers whose velocity of copolymerization is lower than their separate velocity 
of polymerization are described in the literature. This behavior of the system chloroprene—vinyl formate that 
we studied, as well as that of other similar systems, can be explained on the basis of the differing reactivities of 
the monomers and of their corresponding free radicals, We know that the greater is the conjugation effect the 
more reactive are the molecules and the less reactive are the radicals, Due to the effect of conjugation, the 
monomer of chloroprene (Mg) is considerably more reactive than the monomer of vinyl formate (M,), while the 
ratio of reactivities of the corresponding radicals is reversed (the vinyl formate radical is considerably more reac- 
tive than the chloroprene radical), When the starting mixture contains an excess of vinyl formate, the chloro- 
prene (Mg) functions as a copolymerization inhibitor since it tends to react with both of the types of radicals 
formed; this process results in formation of a relatively stable and inactive polymeric radical which terminates 
the chloroprene link (Mz). This polymeric radical has a low tendency to react with the inactive vinyl formate 
monomer (M,) which predominates at that instant in the reaction mixture, The result is a considerable decline 
in the rate of coprlymerization, When the concentration of chloroprene monomer (Mg) rises, the inhibiting effect 
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TABLE 2 


Influence of Composition of Starting Mixture Upon 
the Yield of Copolymers of Chloroprene with Vinyl 
Formate (temperature 65°, 0.2% benzoyl peroxide) 


mate 


of chloroprene 
Mole% of 


Starting ratio 
to vinyl for- 


Chloroprene 
2,0: 14 

1:2 

Vinyl 
formate 


Chioroprene 


Chloroprene 


4:1 


Vinyl 
formate 


On comparing the curves for each pair of monomers, we see that the "limit of copolymerization” decreases 
in the homologous series of vinyl esters with increasing molecular weight of the acid radical. This behavior also 
corresponds to the fall in activity of the esters when polymerized separately, Steric hindrance is presumably re- 
sponsible for this decrease in limit of copolymerization and in turn for the fall in the overall velocity of copoly- 
merization with increasing molecular weight of the acid radical. 


A considerable increase in the quantity of initiator makes possible a slight increase in the “limits of co- 
polymerization” in comparison with the limits observed under the previous conditions (0.2% benzoyl peroxide). 


t 
in hrs 
% degree of 


Period of 
polymerization 


starting mix- 


chloroprene in 


polymerization 


os) 


gradually decreases because the resultant polymeric 
radicals (mainly inactive) that terminate the chloro- 
prene link are already capable of reacting also with 
the chloroprene monomer present in large amount, 


2. Influence of Composition of Starting 
Mixture Upon the Yield of Copolymer 

in Copolymerization of Chloroprene with 
Vinyl Acetate, Vinyl Propionate and Vinyl 


Butyrate 


The relation between composition of starting 
mixture and degree of copolymerization, measured 
after 30 and 50 hrs, was also determined for the sys- 
tems chloroprene—vinyl acetate, chloroprene—vinyl 
propionate and chloroprene—vinyl butyrate. Results 
are given in Tables 3 to 5 and plotted in Figs. 3 and 4, 


Ss. 

~ 


% degree of polymerization after 50 hr 


Fig. 3. Degree of copolymerization as a function of 

the composition of the starting mixture and the nature 

of the second component of the system: 1) chloroprene— 
vinyl formate; 2) chloroprene—vinyl acetate; 3) chloro- 
prene—vinyl propionate, 


We see from Figs. 3 and 4 that in these systems, just as in the case of copolymerization of chloroprene with 
vinyl formate, even a small addition of chloroprene to the ester very strongly retards the polymerization of the 


ester, whereas the addition of small quantities of ester only has an insignificant effect upon the polymerization 
of chloroprene. 


3. Influence of Quantity of Initiator and of the Reaction Period Upon the Magnitude 
of the Copolymerization "Limit" 
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TABLE 3 TABLE 4 
Influence of Composition of Starting Mixture on the Influence of Composition of Starting Mixture on the 
Yield of Chloroprene—Vinyl Acetate Copolymer Yield of Chloroprene—Vinyl Propionate Copolymer 
(temperature 65°, 0.2% benzoyl peroxide) (temperature 65°, 0,2% benzoyl peroxide) 
> ‘ c 
a6 2 og ° 
Sa S& 33 O com & SEs! wo 
fsa ™ 30 |e 
Chloroprene 100 94.57 
1.95: 1 66.45 24.23 4.5 
1.02: 4 50.66 | 30 | 14.13 
1:1.93 | 33.81 11.65 1.2.99 | 29/48 “759 
1:4.02 | 19.92 7.0 
Vinyl acetate 0 59.77 - 
Chloroprene 100 95.78 
2.16 :1 68.39 30.69 
1.07: 4 51.85 | 50 | 15.56 
05 1: 2.23 30.91 8.8 
1.05: 1 51.37 50 24.57 & ¢ 9.6 
o 4:4.5 18,19 5.6 
A 33.41 15.14 0 60.6 
Vinyl acetate 0 69.32 inyl propionate | 
TABLE 5 


Influence of Composition of Starting Mixture Upon 
the Yield of Chloroprene—Vinyl Butyrate Copolymer 
(temperature 65°, 0.2% benzoyl peroxide) 
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Fig. 4. Degree of copolymerization as a function of 
the composition of the starting mixture and of the Data for the system chloroprene—vinyl acetate are 
i nature of the second component of the mixture; presented in Table 6 and plotted in Fig. 5. The in- 
| 1) chloroprene—vinyl formate; 2) chloroprene—vinyl creased value of the “limit” of copolymerization due 
acetate; 3) chloroprene—vinyl propionate; 4) chloro- to a considerable increase in the quantity of initiator 
prene—vinyl butyrate, is also associated with shorter reaction period. We see 


from curve 3 of Fig. 5 that after 190-200 hrs the poly- 
merization yield for a starting molar ratio of chloroprene to vinyl acetate of 1:10, when using 1% of benzoyl 
peroxide, undergoes a steep rise on passing the “limit” observed after 100-150 hrs. This can be attributed to a 
gradual impoverishment of the monomeric mixture in the most active monomer (chloroprene) as the polymeri- 
zation proceeds, so that the reaction mixture approaches ever more closely to that “critical” concentration of 
chloroprene at which the phenomenon of the “copolymerization limit" is observed, Since both of the types of 
polymeric radicals that are present preferentially react with chloroprene, but the concentration of the latter at 
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Fig. 5. Degree of polymerization as a function of the period of polymerization 
and of the quantity of initiator (at 65°), System chloroprene—vinyl acetate, 
Starting molar ratio of chloroprene to vinyl acetate = 1: 10. 1) 0.2% benzoyl 
peroxide; 2) 0.5% benzoyl peroxide; 3) 1% benzoyl peroxide. System chloroprene— 
vinyl formate: initial molar ratio of chloroprene to vinyl formate = 1:10, 

4) 1% benzoyl peroxide, 


TABLE 6 


Depencence of Degree of Copolymerization on the Duration of Copolymerization 
and on the Amount of Initiator (temperature 65°) 
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the given instant is very small, the subsequent copolymerization reaction proceeds extremely slowly (with velo- 
cities that are not experimentally detectable) under the chosen experimental conditions, 


Finally, after no chloroprene at all remains in the reaction mixture, the growing polymer radicals can react 
only with vinyl acetate monomer and pure polyvinyl acetate is formed. This should be reflected in a sharp jump 
on the graph. When the concentration of the initiator, however, is low, this period (in whose course the whole of 
the remaining chloroprene monomer should enter into the copolymerization reaction) becomes very prolonged, 
and it therefore cannot be seen on our diagram, Apart from this, the growing polymer radicals may also be de- 
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stroyed by chain-breaking reactions. With rising concentration of initiator, when the number of growing polymer 
chains that are formed is considerably greater, the probability of their interaction with chloroprene monomer also 
increases considerably, and the possibility arises of a considerable shortening of the observed period of the copoly- 
merization "limit" and of formation of pure vinyl ester polymer, This phenomenon is depicted in Fig. 5 by curve 3. 


SUMMARY 


1. The phenomenon of the "copolymerization limit" was studied for a series of vinyl esters and chloroprene, 
It is strongly dependent upon the composition of the starting mixture of monomers, 


2. It was found that the “copolymerization limit" decreases in a homologous series with increasing weight 
of the acid radical of the ester, 


3. It was established that increase of the quantity of initiator introduced into the reaction enables the ob- 
served copolymerization limits to be increased slightly. 
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ORGANOBORON COMPOUNDS 
19. SYNTHESIS OF ALKYLBORON DICHLORIDES 


B. M. Mikhailov and T. A. Shchegoleva 


The alkylboron dichlorides are a class of organic compounds which have scarcely been investigated, only 
two representatives being reported in the literature. One of them (methylboron dichloride) was obtained from 
boron chloride and dimethylzinc; it was characterized by its vapor pressure, and was not subjected to analysis 
{1, 2]. The second compound (n-butylboron dichloride) was prepared by the action of hydrogen chloride on tri- 
butylboron [3]. A short communication [4] recently indicated the possibility of obtaining n-butylboron dichloride 


by the action of boron trichloride on n-butylboric anhydride on the lines of the synthesis of alkylboron difluorides 
from boron fluoride and anhydrides of alkylboric acids [4, 5]. 


We found that alkylboron dichlorides can be easily prepared from esters of alkylboric acids by treatment 
with two equivalents of phosphorus pentachloride. This reaction, which proceeds according to the equation: 


AIkB(OAIk’): 4+ 2PCls = AIkBCl, 2Alk’Cl_+ 2POCIs, 


is a further development of the method of synthesis of chloro derivatives of organoboron compounds from esters 
of organoboric acids and phosphorus pentachloride [6, 7], which permits, in particular, the preparation of chloro- 


esters of the type of AlkBC 


by the action of one equivalent of phosphorus pentachloride on esters 
of alkylboric acids [8]. 


The esters of ethyl-, n-propyl- and isopropylboric acids needed for the investigation were prepared by esteri- 
fication of the corresponding acids which were obtained by the action of Grignard reagent on trimethyl borate, 
n-Butyl esters were employed at the start of the investigation, but experiment showed that they are little suited 
to the preparation of propylboron dichlorides since the n-butyl chloride formed in the reaction has a similar boil- 


ing point, The butyl esters of alkylboric acids were transformed by transesterification into the n-hexyl esters, and 
the latter were used in the further course of the work, 


When phosphorus pentachloride acts upon n-hexyl esters of alkylboric acids, substitution of the first alkoxy 
group takes place immediately with considerable development of heat, but the second molecule of phosphorus 


pentachloride reacts more slowly and heating of the reaction mass for .5-1 hr is necessary for completion of the 
reaction, 


Alkylboron dichlorides are easily separated from the n-hexyl chloride and phosphorus oxychloride formed 
during the reaction by fractional distillation. In this manner we synthesized ethylboron dichloride, n-propylboron 


dichloride and isopropylboron dichloride in yields of 50-73% of the theoretical, The unequal speeds of the two 
steps of the reaction indicates that the esters of alkylboric acids 
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te possess a lower reactivity towards phosphorus pentachloride than the original esters of aikylboric acids. 
In order to determine the influence of the medium upon the rate of the second reaction step, a study was 
made of the action of phosphorus pentachloride upon the butyl ester of ethylchloroboric acid in the pure state. - 
The latter was prepared by the action of one equivalent of phosphorus pentachloride upon the butyl ester of ethyl- 7 
boric acid. This reaction took place quickly (as had been expected) with spontaneous development of heat, Treat- 
‘ ment with phosphorus .pentachloride of the resultant butyl ester of ethylchloroboric acid 
¥ Cl 
7 
+ = + CyH,Cl + POCIs 
did not result in spontaneous reaction as was the case with the ester of ethylboric acid. On the contrary, in this j ! 
case considerably longer heating (approximately 5 hrs) of the reaction mixture was necessary than in the prepara- 3 
tion of ethylboron dichloride directly from the ester of ethylboric acid without isolation of the intermediate chloro- a 
ester 


Cl 


C,H;B + PC], = C,HsBCl, + n-CgH,Cl + POCI, 


We can therefore conclude that in the preparation of an alkylboron dichloride from an ester of alkylboric acid, 
the alkyl halide and phosphorus oxychloride formed in the first step exercise a favorable effect upon the course 
of the subsequent reaction between chloroester and the second equivalent of phosphorus pentachloride. 


In the omnes of study of the above transformations, it was established that certain chloroesters of the type 

of AlkB are thermally unstable compounds, Thus, it was found that the n-hexyl ester of ethylchloro- 


boric acid, obtained by the action of one equivalent of phosphorus pentachloride on the n-hexyl ester of ethylboric 
acid, undergoes disproportionation when distilled in vacuo (at 60-70°) to form ethylboron dichloride and the hexyl 
ester of ethylboric acid. The disproportionation (represented by the equation below) proceeds with such facility 

that the chloroester 


Cl 

2C,H;B = C,H;BCl, -+ 
OC.His 


cannot be obtained in the analytically pure state. 


EXPERIMENTAL 


All operations were conducted in a nitrogen atmosphere. 


1; n-Butyl Ester of Ethylboric Acid 


156 g (1.5 mole) of trimethyl borate and 400 ml of ether were placed in a four-necked flask equipped with 
stirrer, dropping funnel, inlet for nitrogen and thermometer. To the cooled solution (— 65 to —75°) was added (over 
a period of 9 hrs) an ethereal solution of ethylmagnesium bromide prepared from 36 g (1.5 mole) of magnesium, 
164 g (1.5 mole) ethyl bromide and 600 ml of ether, The reaction mixture was stirred at the above temperature 
for another 3 hrs and left overnight. The following day the reaction mixture was decomposed with 900 ml of 10% 
hydrochloric acid and the ether layer was separated; the ether was driven off and 30 ml of n-butyl alcohol was 
added to the residue, The azeotropic mixture was gradually distilled off by heating on an air bath. After the 
temperature had risen to 115°, the heating was stopped, the butyl alcohol was distilled off in vacuo, and the residue 
was distilled, 
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148 g (53% of theory) of the n-butyl ester of ethylboric acid was obtained; b. p. 70-71° (7 mm); a? 0.8824, 


Found % C 64.68, 64.71; H 12.58, 12.51; B 5.65, 5.96. Cyollp;3BO,. Calculated %: C 64.54; H 12.45; 
B 5.81. 


2, n-Butyl Ester of Isopropylboric Acid 


The experiment was carried out on the same lines as the preceding one, using 150 g (1.5 mole) of triethyl 
borate and 400 ml of ether, The Grignard reagent was prepared from 36 g (1.5 g-atom) magnesium, 116 g (1.5 
mole) of isopropyl chloride and 600 ml of ether, Fractional distillation of the reaction products gave 149 g (50% 
of the theoretical) of the n-butyl ester of isopropylboric acid; b. p. 78-78.5° (7 mm); d2° 0.8187. 


Found %: C 66.25, 66.18; H 12.55, 12.66; B 5.43, 5.30. CyyHgsBO2. Calculated %: C 66.01; H 12.59; 
B 5.41. 


3. n-Hexyl Ester of Ethylboric Acid 


A mixture of 55.6 g (0.3 mole) of n-butyl ester of ethylboric acid and 76 g (0.75 mole) of n-hexyl alcohol 
in a Favorsky flask was heated on an air bath; the n-butyl alcohol slowly distilled off. After the temperature had 
risen to 130°, heating was stopped, the excess of hexyl alcohol was taken off in vacuo, and the residue was frac- 
tionally distilled to give 60.2 g (83.5% of the theoretical) of the n-hexyl ester of ethylboric acid; b. p. 130-131° 
(9mm); 0.8302. 


Found %: C 69,90, 69.61; H 12,89, 12.98; B 4,46, 4.44, CygHgBO,, Calculated %: C 69.42; H 12.90; 


4. n-Hexyl Ester of n-Propylboric Acid 


The experiment was similar to the preceding one, From 57,1 g (0.28 mole) of n-butyl ester of n-propylboric 
acid [8] and 65.5 g (0.64 mole) of n-hexyl alcohol was obtained 58.4 g (80% of the theoretical) of the n-hexyl 
ester of n-propylboric acid; b. p. 130-131° (7 mm); d?? 0.8283, 


Found %; C 70.49, 70.38; H 12,98, 12.93; B 4.04, 4.42. CysH3,BO,. Calculated %: C 70.31; H 12,98; 
B 4.22, 


5. n-Hexyl Ester of Isopropylboric Acid 


The experiment was similar to the preceding one, From 66.7 g (0.3 mole) of n-butyl ester of isopropylboric 
acid and 85 g (0.83 mole) of n-hexyl alcohol was obtained 61.6 g (72% of the theoretical) of the n-hexy! ester of 
isopropylboric acid; b, p. 125-126° (6 mm); 0.8258. 


Found %: C 70.44, 70.14; H 12.97, 12.95; B 4.10, 4.13. CysH3,3BO,,. Calculated %: C 70,31; H 12.97; 
B 4,22, 


6. n-Butyl Ester of Ethylchloroboric Acid 


To 28.5 g (0.15 mole) of n-butyl ester of ethylboric acid, in a three-necked flask equipped with reflux con- 
denser and inlet for nitrogen, was added 31.8 g (0.1 mole) of phosphorus pentachloride 0,15 portionwise in the course 
of 1 hr. Heat was developed during the reaction, After addition of the whole of the phosphorus pentachloride, the 
butyl chloride and phosphorus oxychloride were taken off in vacuo and collected in a receiver cooled with solid 
carbon dioxide. The residue was fractionally distilled to give 17.5 g of the n-butyl ester of ethylchloroboric acid 
with b, p. 49-52° (30 mm); a? 0.9030; yield equal to 78% of the theoretical, 


Found %: B 7.47, 7.41; Cl 24,20, 24.24. C,Hy4BOCl., Calculated %: B 7,29; Cl 23,89, 


The experiment gave 14.5 g of butyl chloride (b. p, 72-74°) and 13,2 g of phosphorus oxychloride (b, p. 
100-104°). 
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7. Ethylboron Dichloride 


a) To 32.2 g (0.13 mole) of the n-hexyl ester of ethylboric acid, in a three-necked flask equipped with re- 
flux condenser and lead-in for nitrogen, was added 55 g (0,26 mole) of phosphorus pentachloride in small portions. 
Addition of the first half of the pentachloride was accompanied by spontaneous heating; the mixture was heated 
to the boil to dissolve the second half of the pentachloride. After addition on the whole of the phosphorus penta- 


chloride, the mixture was heated for another 30 min and then fractionated to give 7.4 g of ethylboron dichloride; 
b. p. 49-51°; yield 50% of the theoretical, 


Found %: B 9,78, 9.69; Cl 63.52, 63,77. CHsBCly, Calculated %: B 9.76; Cl 64,01. 


Ethylboron dichloride is a colorless, very easily hydrolyzable liquid which catches fire in the air, The ex- 
periment gave 22 g of n-hexyl chloride (b, p, 133-137") and 36.8 g of phosphorus oxychloride. 


b) To 17.5 g (0.12 mole) of the n-butyl ester of ethylchloroboric acid, in a three-necked flask equipped 
with reflux condenser and nitrogen lead-in, was added 24.5 g (0.12 mole) of phosphorus pentachloride in small 
portions in the course of 1 hr with heating. The reaction mixture was heated for another 4 hrs to effect complete 
solution of the pentachloride, and was then subjected to fractional distillation, giving 5.2 g of ethylboron dichlor- 


ide; b. p. 49-51°; yield 40% of the theoretical, The experiment gave 9.3 g of n-butyl chloride and 12.5 g of 
phosphorus oxychloride, 


8. n-Hexyl Ester of Ethylchloroboric Acid 


To 54 g (0.22 mole) of the n-hexyl ester of ethylboric acid, in a three-necked flask equipped with reflux 
condenser and lead-in for nitrogen, was added 46,5 g (0.22 mole) of phosphorus pentachloride in small portions 
in the course of 45 min, The reaction was accompanied by spontaneous heating. After addition of the whole of 
the pentachloride the reaction mixture was fractionally distilled in vacuo and the low~boiling products were col- 
lected in a receiver cooled with solid carbon dioxide, The following fractions were obtained: 


Fraction I, 20-63° (10 mm); 67. 4 g; Fraction II, 63-65° (10 mm); 7.7 g; Fraction III, 134-137° (11 mm); 
11.4 g. 


Redistillation of the first fraction yielded 3.4 g of ethylboron dichloride with b. p. 47-49", 31 g of phosphorus 


oxychloride and 16.6 g of n-hexyl chloride. The second fraction was impure n-hexyl ester of ethylboric acid; 
yield 19.5% of the theoretical. 


Found %: Cl 21.20, 20.71; B 6.47, 6.29, CgHysBOCl, Calculated %: Cl 20.09; B 6.13. 
The third fraction was the n-hexyl ester of ethylboric acid (yield equal to 21% of the theoretical). 
Found %: B4.57, CygHyBOg. Calculated %: B 4.47. 
Redistillation of the n-hexyl ester of ethylboric acid gave the following fractions: 
Fraction I, 50-53°, 1.5 g; Fraction II, 58-59° (10 mm), 1 g; Fraction III, 160-170° (10 mm), 3 g. 


The second fraction was the n-hexyl ester of ethylchloroboric acid; the first and third fractions were pro- 


ducts of its symmetrization; ethylboron dichloride (yield 80%) and the n-hexyl ester of ethylboric acid (yield 
13%). 


9. n-Propylboron Dichloride 


To 31.35 g (0.12 mole) of the n-hexyl ester of n-propylboric acid, in a three-necked flask equipped with 
reflux condenser and inlet for nitrogen, was added 51.8 g (0.24 mole) of phosphorus pentachloride in small por- 
tions, Addition of the first half of the pentachloride was accompanied by spontaneous heating; the reaction mix- 
ture was heated to the boil to dissolve the second half. After addition of the whole of the phosphorus pentachlor- 
ide, the mixture was heated for another hour and then subjected to fractional distillation to give 11.25 g of n- 
propylboron dichloride withb. p. 73-75°; yield 73.5% of the theoretical. 
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Found %: B 8.38, 8.51; Cl 57.23, 56.74, C3HBCly. Calculated %: B 8.67; Cl 56.81. 


n-Propylboron dichloride is a colorless and very easily hydrolyzed liquid, catching fire in the air, The ex- 
periment gave 26.1 g of n-hexyl chloride and 26.3 g of phosphorus oxychloride. 


Isopropylboron Dichloride 


The experiment was similar to the preceding one, From 28.5 g (0.11 mole) of the n-hexyl ester of isopro- 
pylboric acid and 46.7 g (0.22 mole) of phosphorus pentachloride was obtained 10,1 g of isopropylboron dichloride; 
b. p. 70.5-73°; yield 70% of the theoretical. 


Found %: B 8.46, 8.47; Cl 56.98, 57.09. C3HBCly. Calculated %: B 8.67; Cl 56.81. 


Isopropylboron dichloride is a colorless and very easily hydrolyzed liquid, catching fire in the air, The ex- 
periment gave 18.6 g of n-hexyl chloride and 30.8 g of phosphorus oxychloride. 
SUMMARY 


1. Alkylboron dichlorides are obtained by the action of two equivalents of phosphorus pentachloride upon 
n-hexyl esters of alkylboric acids. 


2. The n-hexyl ester of ethylchloroboric acid undergoes symmetrization on distillation in vacuo (at 60-70°) 
with formation of ethylboron dichloride and the n-hexyl ester of ethylboric acid. 
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THE INDIVIDUAL COMPOSITION AND ANTIKNOCK PROPERTIES 
OF SURAKHANY GASOLINE 


N. I. Shuikin, S. S. Novikov, T. I. Naryshkina, and B. A. Englin 


The study of the individual composition and antiknock properties of the various components of gasolines 
enables us to assess the contribution of hydrocarbons of different classes to the quality of gasolines and thus pro- 
vides a basis for the efficient processing of crude oil. ‘In recent years the literature both at home and abroad has 
contained articles on methods of detailed analysis of hydrocarbon mixtures and their application to specific gaso- 
lines. Particularly interesting in this connection are the investigations of Kazansky, Landsberg, Plate and co-workers 
[1-5] who developed a combination method of analysis based upon the use of dehydrogenation catalysis, chromato- 
graphic adsorption, close cut rectification and Raman spectra. By means of this method the above-mentioned au- 
thors examined the individual composition of several gasolines, but they did not determine the antiknock behavior 
of mixtures of hydrocarbons of various classes entering into the composition of the gasolines. 


The objective of the present work was a study of the individual composition of a specimen of Surakhany gaso- 
line from selected oil by the method developed by Kazansky, Landsberg and co-workers and of the performance of 
its individual components when tested in a laboratory single-cylinder Waukesha engine. The investigation shows 
that the composition of the gasoline that we examined differs but little from that of gasolines characterized in the 
publications cited; it consists mainly of naphthenic hydrocarbons and contains only a small quantity of paraffinic 
hydrocarbons which are predominantly of iso structure. The comparatively high rating of the gasoline is presum- 
ably due to its content of relatively large amounts of cyclopentanic and cyclohexanic hydrocarbons of Cg—Czcom- 
position, 


EXPERIMENT AL 


The selected sample of Surakhany gasoline had the following properties: np 1.4150; d2° 0.7490; it contained 
2.3 weight% of aromatics. Engler distillation: 


Initial boiling point 74° 


10%-91° 60%-107° 

95° 10%-112° 

30% 98° 80%-118° 
40%-100,5° 90%-130° 


50%-103° 98%-148 


With the aim of determining the composition of the aromatic hydrocarbons present in the starting gasoline, 


. a the latter was cut into relatively narrow fractions, and each of these was examined for its content of aromatics by = 
E. the sulfonation method. The analysis established that the 95-129° fraction contains 0.5% of aromatic hydrocarbons 
‘i calculated on the starting gasoline; the 129-137.5° fraction contains 0.38%; the 137,.5-142° fraction contains 
. 0.31%; the 142-148° fraction contains 0.3%; and the 148-152° fraction contains 0.8%, Consequently, we can as- 


sume that Surakhany gasoline contains toluene (0.5%), ethyl benzene and xylenes (1.0%) and CgHy, aromatics (0.8%). 


In the further investigation of the material, 653 g of the original gasoline was dehydrogenated over 5% Pt-on- 
carbon at 305°, After the dehydrogenation the gasoline had nj 1.44590 and dj° 0.7890; the aromatics content of the 
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Fig. 1. Fig. 2. 


catalyzate was 42 vol.% (48.5 wt.%). The catalyzate was separated into paraffin-naphthenic and aromatic frac- 
tions by chromatographic adsorption on silica gel. The mixture of aromatic hydrocarbons (natural and those ob- 
tained by dehydrogenation of six-membered cyclanes) had ny 1.4972 and dj” 0.8697 and was subjected in the 


amount of 284 g to fractionation in a precision column with an efficiency of 70 theoretical plates at a reflux num- 
ber of 35. Results of the fractionation are presented in Table 1. 


TABLE 1 


Fractional Composition of Aromatic Hydrocarbons Isolated from Catalyzates 


ili Properties of frac. | Content of | Content of 
ranges in °C a2 (wt.% on cyclanes in wt.% 
(corrected) 4 | gasoline) on the gasoline 


79 .3—95 499! 0.8770 
95—129 0.8658 
429—137.5 1.4956 0.8660 
137.5—142 1.4968 | 0.8625 
142—148 1.5034 | 0.8792 
148—152 1.5930 
Losses 


The fractionation curve of the aromatic hydrocarbons is shown in Fig. 1. 


The fractions with boiling ranges of 129-137.5° and 137,5-142° were oxidized with potassium permanganate 
by Ullman's method [6]. The oxidation gave benzoic acid (m. p. 120°), isophthalic acid (m. p. of the dimethyl 
ester 64°) and terephthalic acid (m. p. of the dimethyl ester 139°), On the basis of the oxidation results, we can 
assume that ethylbenzene and m- and p-xylenes were present in the original fraction. The paraffin-naphthenic 
portion had ny 1.4100 and d2” 0.7391. The fractionation curve of this portion is shown in Fig. 2. 


The individual composition of the paraffin-naphthenic portion, determined by the Raman analysis,* is pre- 
sented in Table 2, 


The individual composition of the gasoline was calculated on the basis of the analytical data, Results are 
summarized in Table 3, 


We see from Table 3 that Surakhany gasoline contains a small quantity of aromatics (2.3%) and paraffins 
(6.9%). A large part consists of six-membered cyclanes (45.3%), predominant among which are methylcyclohexane 
(23%). Cyclopentanes are also present (17.8%). 


* Optical analysis carried out by M, I, Batuev. 
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TABLE 


‘Boiling rang 
in °C 
(corrected) 


65— 
71.5 
71.5— 
85,9 
85 .9— 
11 
91—94 


94— 
105.5 


105 .5— 
108.7 
108 .7— 
109.5 
109.5 — 
113 


113— 
116 


116— 
119 
119 
126.3 
126.3— 
134,6 
134.6— 
136.6 
136.6— 
141.6 
141.6 — 
150 
Residue 
Losses 
Total 


| 


9 


Hydrocarbons identified by the 
optical method 


Weight of 
fraction ing 


% content 
of fraction 


(with slight predominance of the 


former); an insignificant amount of 


2,3-dimethylbutane 
2-methylpentane , 3-methylpentane 
Methylcyclopentane 
2,4-Dimethylpentane 
Trans=1 ,2-Dimethylcyclopentane 
2,4-Dimethylpentane 
Trans~1 ,2-Dimethylcyclopentane , 
3-methylhexane, 2-methylhexane 
cis-1 ,2-Dimethylcyclopentane, 
3-methylhexane, 2-methylhexane 


cis~1, trans-2, cis-3-Trimethylcyclo- 
pentane, 2,4-dimethylhexane(mainl 

cis-1, trans-2, cis-3-Trimethylcyclo- 
pentane, 2,4-dimethylhexaneqnainly 


2,3,4-Trimethylpentane 


cis~1, trans~2, cis-3-Trimethylcyclo- 


pentane 
2,3,4-Trimethylpentane 


cis-1, trans-2, cis-3-Trimethylcyclo- 


pentane 
1,1-Dimethylcyclohexane 


1,1-Dimethylcyclohexane 


Unidentified naphthene with 
frequency of 728 cm™! 
Not investigated optically 


The same 
Not examined optically 


50—65 |2-Methylpentane 3-methylpentane | qualitatively 


Individual Composition of the Paraffin-Naphthenic Portion of Surakhany Gasoline 


of frac. 


n°? of frac. 


detected 


80 


(Qual, detected) 


50 
60 
Qual, detected) 
4 


40 
60 


Qual. Serected) 
) 
Qual. detected) 
60 


40 
60 


70 


5.78 37401 | 


16. 


25}1.4005)0. 7253 


.3940)0.7166 
.65}1 .4020)0. 7252 


2811 .4041/0.7337 


26 .03)1 .4088]0.7584 


-85)1 4078 


2.55/1 


4670)0.7329 


4055/0. 7302 


.98}1 .4080}0.7344 


|1.4200|0.7404 
05/1.4195}0.7626 
4230)0.7618 


.04}4 4220 


.7 1.4292 


-76 
2 


§ 
| 
< 


Engine tests were also carried out on the individual components of Surakhany gasoline (octane numbers and 
rating). For this purpose the following samples were prepared: 1) unmodified Surakhany gasoline; 2) gasoline whose 
hexamethylenic hydrocarbons had been converted into aromatics by Zelinsky catalytic dehydrogenation [7]; 3) gaso- 
line whose pentamethylenic hydrocarbons had been converted into hexamethylenes by isomerization in presence of 
AIC1, [8]; 4) gasoline from which hexamethylenes had been removed (as aromatics) and also the aromatics, Re- 
sults of determinations with additions of 4 ml of R-9 per kg are presented in Table 4. 


We see from Table 4 that aromatization of the gasoline raises the octane number by 2,5 units and the rating 
by more than 41 units. This behavior is perfectly normal since aromatic hydrocarbons have higher octane numbers 
and ratings than their corresponding cyclohexane hydrocarbons, Isomerization of the gasoline, i. e., conversion of 
the five-membered saturated hydrocarbons into six-membered ones, causes the rating of the gasoline to be lowered 
from 119 to 114 units, indicating that the cyclopentane hydrocarbons have higher ratings than the corresponding 
isomeric cyclohexanes, The fact that removal of the aromatics and cyclohexanes from Surakhany gasoline leads 
to lowering of its rating to 113-114 units is by no means inconsistent with the previous observations, and is accounted 
for by the rise in concentration of alkanes in the gasoline, Although isoalkanes predominate in Surakhany gasoline 
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TABLE 3 


Constituents of Surakhany Gasoline 


oak Content in 
Group Hydrocarbons shed wt.% on 


on group | gasoline 


Natural aromatics Toluene 
Ethylbenzene and xylenes 


Total 


Six-membered Cyclohexane 
cyclanes ethylcyclohexane 
Ethylcyclohexane, 1,3- and 1,4-di- 
methylcyclohexanes 
1,2-Dimethylcyclohexane 
1 
18 


Total 


cyclanes trans-1 ,2-Dimethylcyclopentane 
cis-1,2-Dimethylcyclopentane 
cis-1, trans<2, cis-3-Trimethyl- 
cyclopentane 


Alkanes 2-Methylpentane 
3-Methylpentane 
2,4-Dimethylpentane 
2,4-Dimethylhexane 
2,3,4-Trimethylpentane 


Unidentified 
hydrocarbons 


TABLE 4 


Results of Engine Tests on Various Components of Surakhany Gasoline 


Properties of Results of engine 
samples % content 
Sample 
n20 hydrocar- 
D 4 y 
bons 


motor 
ethod 


Starting Surakhany gasoline 1.4150 | 0.7490 
Aromatized gasoline 1.4450 | 0.7830 
Isomerized gasoline 1.4183 | 0.7498 
Surakhany gasoline freed from 1.3950 | 0,7106 
hexamethylenic and aromatic 
hydrocarbons 


21.7 0.5 
~ 
43.5 1.0 
34.8 0.8 
100.0 
53.5 23.0 
27.7 11.9 
4 41.5 0.7 co 
3.2 
0.4 2.0 
16.5 2.9 
44.0 7.8 
16.5 2.9 
23.0 4.2 
Total 100.0 17.8 
7.3 0.5 
5.2 0.4 
41.1 2.8 hee 
17.6 1.2 
28.8 2.0 
9.2 
Losses 
Total | 100.0 
4 
~ 
# 
2.3 92 119 
45.5 94.5 >160 
1.5 ~ 114 
0 95 113—114 
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3 


(as we saw from the earlier data), it is well known that their rating is low, so that the removal of about 50% of 
hydrocarbons whose rating is higher than that of alkanes should lead to a fall in the rating of the residual gasoline 
even though cyclopentane hydrocarbons enter into its composition to the extent of about one-half. Concerning 

the octane number, isoalkanes generally have higher values than cyclohexanes, and therefore removal of the Latter 
leads to a rise in the octane number of the gasoline. 


SUMMARY 


1. The nature of the constituents of the gasoline of Surakhany selected oil was determined. 


2. Determinations were made of the engine performance of mixtures of hydrocarbons of the different classes ag 
entering into the composition of the gasoline under investigation; the tests established that the order of decreas~ ig. 
ing rating of these hydrocarbons is: pentamethylenes, hexamethylenes and paraffins. * 
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SYNTHESIS AND PROPERTIES OF SOME BIS-(TRIMETHYLSILYL)PROPYLENES 


A. D. Petrov, V. F. Mironov, V. G. Glukhovtsev, and Yu. P. Egorov 


In the preceding papers [1, 2] it was reported that the two isomeric compounds 1,1- and 1,2-bis-(trimethyl- 
silyl) ethylenes 


(CHs)s SiCH = CHSi (CHy)3_ (1) and (CII5)3 SiCSi (CH)s 
CH, 


differ markedly both in physical and chemical properties, The study of the properties of these compounds later 


revealed an interesting rearrangement of 1,2-bis-(trichlorosilyl) chloroethane during its dehydrochlorination with 
aluminum chloride 


Cl,SiCHCICH,SiCl, ClSiCH = CHSiCl, +. Cl,SiCSiC],. 


System 1 CH, 


In the present work we effected the synthesis of three out of the five possible bis-(trimethylsilyl) propylenes 
(represented below): 


(CHy)s SiCSi 
(CHs)s SiCH = CSi (CH,)s; 
du (CHg)s SiCH = CHCHGSi (CIy)s, 
(11) (IV) ; 
(CHa)s (CHa)s; (CHg)3 SiCHSi (CHg)s. 


| 
CH, (VI) CH (VII) 
CH 


Compound (III) was synthesized by the following scheme [3]: 


CH, CH,Cl 


Va : inoli 
C1, SiC Sh sic = (cH,), SIC = > 
% 


CHy CH, CHy 


(CHy)s SiCH = CSi (CHy)s; 
(CH,), SiCI 


CH, 
System 2 


‘ 
4 
3 
: 
i 
: 
~ 
— 


Proof that a, 6 -dichloroisopropyltrichlorosilane splits off HCL in the sequence shown in Scheme 2 was ob- 
tained by splitting off HCl both from Cl,SiCH (CI1,)CHCl, and from Cl,SiCH (CH Cl)g. The first reaction gave 
a compound whose identity with C],SiC = CHCl. (obtained according to Scheme 2) was confirmed by the com- 
| 


plete similarity between their Raman spectra (r.s.). The second reaction led to the compound C1,SiC = CII). 
CH,Cl 
It is interesting to note that in = Cl,SiIC = CH, the double bond has a frequency of 1610 cm™ in the r,s, which 


is Close to that found for (CH,)SiC = CH, (1605 cm"), whereas Cl,SiC = gives two lines of equal 
ally 
intensity at 1606 and 1570 cm™’. In the analogous compound (CI1,),SiC = CHCl this frequency is equal to 
1587 cm”, i. e., it is the arithmetic mean of the value of the above two lines. It may be thought that the ob- 
served splitting of the lines is due to Fermi resonance. 


Petrov and Shchukovskaya [4] recently carried out the addition of C1,SiH to (CH3);SiC = CCH,; methylation 
of the resultant compound gave a substance whose structure could be represented either by (CH,),SiCH = CSi(CHs), 


(IIT) or by [(CH3)3Si}C =CHCH; (IV); it could also be.a mixture of (III) and (IV). One of us analyzed the hows 
of compounds (I, II) and of the compound obtained by Petrov and Shchukovskaya. On the basis of this work it 
could be concluded that their substance is represented by (IV) and not by (III), In the present work we examined 
the Raman spectrum of compound (III) prepared by Scheme 2, It was found that the spectrum of compound (III) 
has nothing in common with the spectrum plotted for the compound of Petrov and Shchukovskaya, Synthesis of 
compound (IV), which must be considered identical with the substance synthesized by Petrov and Shchukovskaya, 
was carried out by us according to the left-hand portion of Scheme 3: 


Cl,SiCH CHCH, 
Cl,SiCHCICHCICH, 


‘ 


Cl C},SiC = CHC! + ClySiCCl = CHCHs, 
| | 
Cl,SiC = CHCH, CH, 
| GHsMgCl 


= CHCHs (CH,)3 SiC = CHCI +- SiC = CHCH, 
CH 


3 
Cl 
Na J (CH sicl 


(CHg)3 SiCSi (CH3)3 
I 
CH 


| 
CHs 


(IV) 
Scheme 3 


Judging by the Raman spectra, substance (IV) was fully identical with the compound of Petrov and Shchukov- 
skaya. The structure of compound (IV), as obtained according to Scheme 3, has therefore been verified. 


The spectrum of (III) is seen to possess the very weak frequencies of 646 and 510 cm™ which are close to 
the characteristic lines of (IV). This indicates the probability of a very small admixture of (IV) formed by a side 
reaction, The frequency of the symmetrical Si—C vibration is located at 619 cm™ in (III), which directly corre- 
sponds to the analogous frequency of 610 cm™ in (CH3)3SiCH = CHSi(CHs)3 [2]. The double bonds in (III) and 
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(IV) have very similar frequencies (1565 and 1570 cm”, respectively), It is interesting that in the corresponding 
chlorides (see spectra in the experimental part) they are unequal; 1590 em™ in (CH )sSiC = CHC] and 1620 


cil 
em”! in (CHs)sSiC=CHCH, ; this reflects the marked depressive effect of chlorine on the é=c frequencies 


Cl 
in comparison with their value of 1605 em™ in = CH, and 1621 cm™ in (CH3)sSiCH = CHCH; [5]. 


We attempted to dehydrochlorinate a, 8 -dichloropropyltrichlorosilane with the help of AlCl; (Scheme 3), 
The attempt was successful, and after methylation of the resultant compounds the Raman spectra revealed the 


| 
presence of (CH,),SiC = CHCH,, and (CH )sSiC = i. e., the normal radical had partly isomerized 


CH; 
to the branched radical with shifting of the Cl,Si group just as in Scheme 1: 


Cl Cl Cl 
AICI, 
Cl,SiCHCHCH, —— C],SiC = CHCH, + ClsSiC = CHC). 


CHs 


This is demonstrated by the fact that the Raman spectrum contains, apart from the frequencies of 


(CH,)pSiC = CHCHs — 397 (8), 560 (9), 630 (10), 697 (7), 1620 (5) ew 


| 
Cl 


also several other lines belonging to (CH), SiC = CHC 


| 
CH 
3072 cm™', This points to the reaction being directéd mainly along the route of formation of Cl,SiC = CHCH, 


| 
with partial rearrangement leading to Cl,SiC = CHCl. 


, the strongest of which are 365, 618, 1587, and 


| 
CHs 
Dehydrochlorination of 8 , y -dichloropropyltrichlorosilane by aluminum chloride proceeded according to 
Scheme 5, and the structure of the subsequently obtained compound was established as 1,3-bis-(trimethylsilyl) 
propylene. This conclusion was based upon study of the Raman spectra both of the compound itself and of the 
intermediate products of its synthesis. As was pointed out, five bis-(trimethylsilyl) propylenescan exist. The first 
two were studied above (III) and (IV), and their spectra differ appreciably from the spectrum cited; the next two 
compounds (VI) and (VII) contain the =CH, group which is well characterized by frequencies in the region above 
3000: (for example, RsSiCH = 3045 em™, (CHs)3 SiC=CH, 3050 em™, etc.), The absence of this fre- 
| 
quency points with a high degree of probability to the structute ‘of the disilane (CH3)3SiCH = CHCH,Si (CHs) 3. This 
view is supported by the relatively high C=C frequency of 1600 cm™ and the presence of the strong frequency 
at 1150 cm™, which we observed in all of the alkenylsilanes with a C=C group in the 8-position to the Si [6] 
(for example, according to our data: (CHs); SiCH,C — CH, 1160 (CH3)3SiCH,CH =CHyg 1155 em”; 
CH. \ 
(CHy)3 SICH;CH = CHCH,Si(CHy)3 1157 — (Cts /gSiCH, 1160 cm™}, In harmony with htese ob- 
CH, 
servations the spectrum of the original chloride likewise contains this frequency of 1157 (10) cm™, According to 
Cl 
the work of Gerding and Haring [7] the vc. frequency characteristic of the CH=C, group is in the 3080 
| 


cm7 region and this is actually observed in the spectrum of the chloride. 


‘ 
¥ 
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ClSiCH,CH = CH, 
| 


= CHCI 
CH MgCl 

SiCH,CH = CHCl 

Na 


4 SiCH,CH = CHSi(CHs)3 
> 
Scheme 4 
4 3 At the same time the dehydrochlorination of 8 , y ~dichloropropyltrichlorosilane by quinoline led unexpec- Liat 
q tedly for us to formation of two substances whose structure was not established. 
4 Attempts to obtain the a,8~- and 8 ,y -dichloropropyltrichlorosilanes, required for the work, by chlorina- 
a tion of 8- and y~-chloropropyltrichlorosilanes, respectively, led to formation of difficultly resolvable mixtures ‘ 
4 whose structure could not be conclusively established even with the help of Raman spectra, In the chlorination ; 
4 of 8-chloropropyltrichlorosilane, for example, with sulfuryl chloride, we should expect mainly the formation of : 
q 8 ,8- and probably also of 8 , y -dichloropropyltrichlorosilanes; the a,8 isomer would not be expected to be ; 
. 4 formed [8]. Actually, the Raman spectra confirm the absence of the a, 8 -isomer from the mixture. However, 
] when the resultant mixture of dichlorides was dehydrochlorinated with quinoline, and methylation of the inter- : 
E mediate was effected, followed finally by condensation with (CHg),SiCl, compound (IV) was detected, and the 
7. latter could only have been formed either from a, 8 -dichloropropyltrichlorosilane (which is absent) or as the re- 
a sult of some sort of rearrangement at one of the steps of the synthesis. 
EXPERIMENT AL 
7 a-Methyl- 8-chlorovinyltrichlorosilane (Cl,SiC = CHCI 
a CH, 
“a A, A mixture of 116 g of Cl,SiCHCIICI, (3) and 73 g of quinoline was slowly distilled from a flask up 
| 
4 
ar aa to 200°, The distillate was then filtered from flocs of quinoline salt and distilled from a column to give 8 ml 
: i of SiCl, and 24 g of a-methyl- 6 -chlorovinyltrichlorosilane; b. p. 153° (743 mm); nh 1.4780; a? 1.3820; 
E yield 29.5%, 
Found %: C 16.88, 16.90; H 1.60, 1.75; Si 13.24, 13.30; Cl 67,20, 67.65. CjH,SiCl. Calculated %: 
C 17.16; H.1.92; Si 13.37; Cl 67.54, 
q Av 150 (28), 170 (4), 192 (6), 245 (0) 242 (1), 264 (3), 304 348 (10), 
a 460 (0), 503 (10), 524 (0), 588 (2 b), 705 (1); 736 (2), 771 (2), 800 829 (2), 1310 (2), 4 
a 1329 (2), 1381 (2), 1516 (0), 1570 (4), 1606 (4), 2864 (2), 292i (5), $350 (1) 3074 (3). bad 
sl B. In similar fashion,from 80 g of Cl,SiCCICH,Cl and 50 g of quinoline was obtained 18 ml of SiCl, and 
| 
a 24 g of a-methyl- 8 -chlorovinyltrichlorosilane. “its constants were close to those of the a-methyl- B -chloro- * 
4 vinyltrichlorosilane from synthesis A, and the Raman spectra were fully identical. ‘ 
4 


Nia 

4 

{and 2 


3-Chloro-2-(trichlorosilyl)propene-1 


CH, 
Reaction by the usual procedure of 117 g of APACE 67) with 73 g of quinoline gave 36 g of 3- 
chloro-2- (trichlorosilyl)propene-1; b. p. 164° (750 mm); ny 1.4794; d? 1, 3967; yield 36.5 %, 


Found %: C 17.05, 17.15; H 1.85, 1.90; Si 13.30, 13.51; Cl 67.80, 67.60. C3H,SiCl,. Calculated %: 
C 17.16; H 1.92; Si 13.37; Cl 67.54. 


Raman spectrum 


Av cat: 151 (3). 180 (2), = (8 b,) 225 (5), 240 (0); 296 (4), 360. (7), 400(2), 430 (1), 


455 (10), 595 (3b), 648 ( 693 (2b ), 762 (6), 790 (0), 926 (2), 954 (1), 1116 ( (0), 1145 
1). 1274 (1), 1302 (4), gs 5), 1610 (5), 2944 (2), 2963 (4), 2994 (2), 305 10 (3p), 3083 (4) 
b= broad 

a-Methyl-8 -chlorovinyltrimethylsilane (CH,),SiC—CHCl 


CH, 

To CH3MgCl, prepared from 23 g of magnesium and 0,5 liter of ether, was added 51 g of a-methyl-86 - 
chlorovinyltrichlorosilane. The next day the contents of the flask were boiled for 3 hrs and then decomposed 
with water. From the ether layer (dried with CaCl,) was isolated 23.4 g of a-methyl- 6 -chlorovinyltrimethyl- 
silane by distillation from a column; b. p. 137.5°; yield 65%, 


Found %: C 48,56, 48.69; H 8.75, 8.84; Si 19.04, 18.85; Cl 23.30, 23.75. CgHy,SiCl. Calculated %: 
C 48.45; H 8.81; Si 18.83; Cl 23.84, 


Raman spectrum 


Av 204 (5), 228 (4b), 245 (1), 278 (1), 300 (3), 366 462 (3), 527 562, (3), 
597 (1), 620 (10), 646 (2), 697 (4), 750 (3), 777 (3), 804 (2), 842 (3), 572 (Ob), 12593 b), 
tao (8, 1376 (3), 1416 (3), 1448 (4), 1560 (1), 1590 (10), 2852 (3), 2903 (10 b), 2963 (10), 

) 
b= broad 


1,2-bis-(Trimethylsilyl)methylethylene (CH ),SiCH=CSi(CHsy), 
| 


CH, 
10 g of sodium in 60 ml boiling toluene was rapidly pulverized to a fine powder with a rotating stirrer, 
After cooling, the toluene was decanted off and replaced by 200 ml of ether. To the flask was added 20 g of 
(CH3)3SiCl and 1 ml of ethyl acetate and a little a-methyl-8 -chlorovinyltrimethylsilane. After the reaction 
had commenced, 22 g of (CHs)sSiC=CHC] was added at such a rate that the ether boiled gently, After 5-hrs 


CHs 
of boiling,the contents of the flask were filtered from salt and the latter was washed with fresh ether. Distillation 
from a column gave 16.5 g of 1,2-bis-(trimethylsilyl)methylethylene; b. p, 163.5°, yield 60%, 


Found %: 


C 58.19, 58,10; H 12,00, 12.10; Si 29.60, 29.80. CoHgSip. Calculated %: C 57.97; H 11.89; 
Si 30,13. 


Raman spectrum 


fe 187 (3), 223 (2b), 244 (2), 255 (1), 310 (2b), 377 (2b), St (0), 530 (2b), 562 
os 619 (10), 646 (1), 695 (5), 714 (i), 737 (0), 746 (0), 774 (A) 305 (2b), 845 (1b), 857 
963 (1), 982 (0), 1040 (0), 1253 (3b), 1296 (4b), 1368 (2 by, 1415 (ab ), 1453 (3), 
503" (4), 2850 (3b), 2501 (10), 2962 (10), 3015 (0). 
b= broad 


Propenyltrichlorosilane [2 ClsSiCH=CHCH; 
A mixture consisting of 308 g of 8 -chloropropyltrichlorosilane [9] and 230 g of quinoline was distilled from 


a flask up to 200°, Fractionation of the distillate from a column gave 13 ml of SiCl, and 126 g of Cl,SiCH =CHCH;; 


b. p. 125.5° (733 mm); yield 49.5%. In addition, 45 g of the original Cl,SiCH,CHCICH; was recovered. 


= 
1121 


Under the above conditions, diethylaniline does not dehydrochlorinate 6 -chloropropyltrichlorosilane., De- 
hydrochlorination with quinoline of the difficultly separable mixture of a- and 8 -chloropropyltrichlorosilanes 

gave pure a-chloropropyltrichlorosilane which is less readily dehydrochlorinated than 8 -chloropropyltrichloro- 
silane, On the basis of these experiments, we can assume that in the chlorination with chlorine [9] of CHy;CH,CH,SiCl,, 
a>, B-, and y-chloropropyltrichlorosilanes are formed in the approximate ratio of 0.7:1:1. 


a, 8 -Dichloropropyltrichlorosilane 


Chlorine was bubbled through propenyltrichlorosilane (125 g) for 18 hrs until the theoretical increase of 
weight was attained, Addition of chlorine was accompanied by periodic spontaneous heating of the liquid at 


intervals of several hours, Distillation in a column gave 165 g of a,8~-dichloropropyltrichlorosilane; b. p. 194° 
(740 mm); yield 94%, 


Found %: 
$i 11.39, 


C 14,90, 15.07; H 2.06, 1.96; Si 11.61, 11.67. C3HsSiCl;. Calculated %: C 14.62; H 2.04; 


Raman spectrum 


Av cat-*: 170 (3), 183 (3), 203 (4), 232 (2b), 252 (3), 307 (8), 317 (2), 337 (1), 366 (3), 
390 (8), 419 (2), 438 (2), 482 (6), 498 (5), 537 (3b), 590 GD) 606 Gb), 675 (4b), 700(1), 
717 (4), 755 (2), 780 (2 ), 805 (1), 815 (4), 848 (0) 892 (3), 929 (1), 983 (0), 1010 (4), 
1054 (0), 1108 (1), 1118 (3), 1163 (3b), 1219 (1 1233 (1), 1261 (1b), 1322 (0), 1388 (0) 
1446 (3), 1457 (8), 2867 (1 b), 2899 (1), 2940 (5b), 2994 (3b) 


b= broad 


a-Chloropropenyltrichlorosilane 


Reaction of 160 g of a,8-dichloropropyltrichlorosilane with 110 g of quinoline by the usual procedure gave 
72 g of ClsSiCCl = CHCH;; b. p. 161.5°(759 mm); yield 53%, 


Found %: C 17.26, 17,18; H 1.96, 1.90; Si 13.62, 13.67; Cl 66.91, 66.88. CsH,SiCl,. Calculated %: 
C 17,16; H 1.92; Si 13.36; Cl 67.54. 


a-Chloropropenyltrimethylenesilane (CH 3)sSiCCl=CHCHy 


To CH3MgCl, prepared from 34 g of magnesium in 1 liter of ether,was added 72 g of a~chloropropenyltri- 
chlorosilane. The product was worked up in the usual manner and gave 48 g of a-chloropropenyltrimethylsilane; 
b. p. 133,2° (776 mm) ; yield 96.5 %, 


Found %: C 49,14, 49,12; H 8.77, 8,88; Si18.85, 19.04; Cl 23.39, 23.30. CgH,,SiCl. Calculated %: 
C 48.45; H 8.81; Si 18.88; Cl 23,84, 


Raman spectrum 


Av cau-!: 207 (6b), 250 (1), 277 (4), 337 (1), 398 (8), 497 (0), 562 (9), 631 (16), 698 (7), 
760 (5) 791 (0), 811 (0), 843 (2), 895 (2 b), 990 (2), 1028 (1), 1139 (3b), 1195 (3), 1256 
(). 217 a (1), 1380 (3), 1412 (3), 1447 (3), 1620 (10), 2845 (4), 2909 (10 b), 2962 


b= broad 


Dehydrochlorination of a,8 -Dichloropropyltrichlorosilane with Aluminum Chloride 


Distillation of 123 g of ClsSiCHCICHCICH; in presence of 1 g of AICI; from a flask was effected “sy 150 mm, 
The distillate was afterwards distilled from a column to give 65 g of substance; b. p, 153° (742 mm); ny 1.4800; 
d? 1.3843; found MR 43,09; calculated MR 42,80; yield 62%, 


The compound (65 g) was added to CHsMgCl prepared from 27 g magnesium in 0, 2 liter ether. The mass 


: - was worked up in the usual manner to give .41 g of product with b. p. 132° (743 mm); nb 1.4434; d?° 0.8924; me 
: a found MR 44,21; calculated MR 43.91; yield 89%. a 

Found %: C 48.42, 48.33; H 9.02, 8.93; Cl 23,71, 23.63; Si 19.13, 19,02. C,Hy,SiCl. Calculated %: < 
C 48.55; H 8.81; Cl 23.84; Si 18,88, 

1122 


“2 
a 
a 
| 
4 
4 
a a 
of 


[(CH 3) 3Si =CHCHy 


To 20 g of sodium and 40 g of trimethylchlorosilane in 200 ml ether was added 48 g a~chloropropenyltri- 
methylsilane followed by several lots of about 3-5 ml each of ethyl acetate. However, the reaction, after starting 


sluggishly ,came toastandstill. After standing for two weeks, 19.7 g of 1,1-bis-(trimethylsilyl )propene-1 was ob- 
tained: b, p. 173°C, 


Found %; C 58.01, 58.07; H 11.94, 11.90; Si 30.14, 29.96. CgHySi,. Calculated %: C 57.97; H 11.89; 
Si 30.13, 
Raman spectrum 


Av cu!: 164 (3), 200 3b). 228 (4b), 271 (4), 398 


(6), 504 (7), 589 (2), 620 
689 (6 b ), 740 (1), 7 845 (3b) 3b), 895 (2), 1035 (2b), 1250 (4), 1267 (3), 1355 (4) 


647 (10) 
1372 (2), 1414 (4b), 1 
b= broad 


72 (5), 2850 (3), 2898 (10b), 2954 (10), 2972 (6) 


{10) 


Chlorine was bubbled for 15 hrs through 135 g of. allyltrichlorosilane until the theoretical weight increase 


had taken place, Distillation in a column gave 184 g of 6 ,y ~dichloropropyltrichlorosilane; b. p. 208.5° (747 
mm); yield 97.5%, 


Raman spectrum 


Av cw-!: 170 (3), 203 (5), 243 (3), 257 (2), 306 (4), 336 (9), 378 (5), 387 (3), 435 (1), 
460 (4), 472 (2), 496 (5), 514 (1), 579 (1b), 596 (1 b ), (630 (2), 656 (). 672 (3), 705(3 b), 
740 (4), 755 (3), 800 (8), 813 (5), 875 (0), 1010 (0), 1086 (1), 1128 ( 1175 (4), bk 
(2), 1251 (3b), 1292 (3), 1334 (0), 1354 (1), 1398 (2p), 1440 (2b), 1509 (0), 1615 (4), 
2900 (3b), 2940 (3b), 2965 (4b), 3008 (1b). 

b = broad 


y~Chloroallyltrichlorosilane 


105 g of 8, y-dichloropropyltrichlorosilane with 1 g of aluminum chloride was distilled at 80 mm from a 


flask with a dephlegmator, Redistillation in a column gave 55.5 g of y~chloroallyltrichlorosilane; b. p. 163,5° 
(745 mm); yield 62%, 


Found %: C 16.95, 17.06; H 2.09, 1.82; Si 13.32, 13.74; Cl 67.64, 67.58. C3H,SiCl,, Calculated %: 
C1716; H1.92; Si 13.36; Cl 67.54. 


Dehydrochlorination of 184 g of 8, y~dichloropropyltrichlorosilane with 106 g of quinoline gave (after 
distillation from a column) 25 ml of SiCl, and two compounds: 1) b. p. 166°(749 mm); n2 1.4790; d? 1.3923; 
found MR 42.76; calculated MR 42,80; 2) b. p. 178.5° (746 mm); nf 1.4855; dj’ 1.3969; found MR 43,11; calcu- 
lated MR 42,80, The ratio of 1) to 2) was 1:4; in all,42 g was obtained. 


y -~Chloroallytrimethylsilane 


To CH3MgCl, prepared from 24 g of magnesium in 0.3 liter of ether, was added 55 g of y -chloroallytri- 


chlorosilane. The usual working-up gave 24.6 g of y-chloroallyltrimethylsilane; b. p. 137,5° (736 mm); yield 
63.5%, 


Found %: C 48.57, 48.39; H 8.77, 8.65; Si 18.82, 19.16; Cl 23.40, 23.80. CgHy,SiCl. Calculated %: 
C 48.53; H 8.81; Si 18.87; Cl 23.84. 


Raman spectrum 


Av em-!; 165 (4b); 215 (5b ), 224 (3b), 242 (3), 280 (3b), 445 (5), 545 (4), 602 (10), 
664 (3), 700 (4), te? <5 770 (1b), 808 (0), 855 (2b), 919 (2b), 1040 (0), 1157 (10), 
1231 (8), 1253 (1), 1417 (4), 147 (1), 1625 (8) 2840 (1), 2898 (10), 2960 (9), 3000 (4), 
3084 (4). 

b = broad 


1123 


MR 


20 4 Yield 
No. Formula of compound found in % 


ClsSiCHCICH.CH, (7: 1. 43. 43,27 
2 ClaSiCHsCHCICHs 162 | (744) | 1.4600] 1.3410 | 43.29 1)43.27 | 91 
3 C)gSiCH,CH.CH,Cl 178.4] (750) | 1.4668 | 1.3590 | 43.26 |]43,27 
4 ClsSiC=CHy, 116 | (766) | 1.4453] 1.2285 | 37.99 [°37.98 | 48 
¥ CHs 
5 ClgSiCCIC 191 (752) 1.4870] 1.47411 | 48.18 | 48.11 | 91.5 
Hs 
ClsSiC—CHCI 154 (737) | 1.4815] 1.3830 | 43.24 | 42,80 | 36 
CHs 
.4500 | 0.9045 43,91 
CH, 
(CHg)3SiCH =CSi (CHs)5 (759) | 1.4435 | 0.7809 


CHs 


9 Cl,SiCH =CHCHs 125.5] (733) | 1.4510} 1.2313 | 38.39 | 38.31 | 49.5 
10 ClsSiCHCICHCICHs 195 (742) | 1.4868] 1.4720 | 48.12 | 48.11 | 83.5 
11 ClsSiCCl=CHCHs 159.5] (729) | 1.4780] 1.3871 | 42.85 | 42.80 | 50 
12 (CHs3)sSiCCl=CHCHs 133.2] (756) | 1.4450] 0.8989 | 44.03 | 43.91 | 64.5 
13 173 | (727) | 1.4530] 0.8047 | 62.62 | 62.59 | 33 
14 ClsSiCH»,CH =CH, 116.5] (750) | 1.4445] 1.2224 | 38.18 | 38.14 | — 
15 ClgSiCH,CHCICH,Cl 208.4| (747) | 1.4885] 1.4786 | 48.05 | 48.11 | 95 
16 ClsSiCH,CH =CHCI 163.5] (745) | 1.4780] 1.3873 | 42.84 | 42.80 | 62 
17 =CHCI 137.5] (736) | 1.4445 | 0.8978 | 44.03 | 43.91 | 63.5 
18 | (CHs)y | 171 (753) 41 43901 0.7803 | 62.85 | 62.59 | 39 
4 1,3-bis-(Trimethylsilyl)propylene (CH 
: 4 10 g of sodium, 20 g of trimethylchlorosilane and 23,5 g of y-chloroallyltrimethylsilane were reacted in 
4 the usual manner to give 11.4 g of 1,3-bis-(trimethylsilyl)propylene; b, p. 171° (753 mm); yield 39%, 
4 Found %: C 58,05, 57.98; H 11.79, 11.87; Si 29.10, 29.38. CgHg Sig. Calculated %: C 57.99; H 11.89; 
Si 30,10, 
4 Raman spectrum 
4 ‘ig Av cw}: 170 (4), 216 (5), 242 (4 b ), 295 (2) 422 (%), 578 (10), 590 (2), 614 (5), 654 (3), 


b). 1150 (8), 1237 (5), 1260 (3), 1324 


695 (5), 706 (2b), 767 802 (1), 848 (3b), 858 
2841 (1), 2898 (10), 2958 (10). 


(1), 1419 (4b), 1600 (8 


b= broad 


Chlorination of B -Chloropropyltrichlorosilane and Further Transformations 


Chlorination with sulfuryl chloride was performed by the normal procedure [11]. From 476 g of 8 -chloro- 
propyltrichlorosilane and 350 g of SO,Cl, (with three additions of 0.5 g each of benzoyl peroxide) was obtained 
185 g of the original Cl,SiCHgCHCICH; on distillation in a column, The residue was then distilled in vacuo to 
give 293 g of dichloropropyltrichlorosilane; b. p. 60-90°(7 mm); yield 86.5%; still residue 25 g. Dehydrochlor- 
ination of 344 g of the resultant dichloride with the help of 225 g of quinoline gave 50 ml of SiCl, and 81 g of a 
mixture of chloropropenyltrichlorosilanes (157-165°); ny 1.4780; d?°1,3821; found MR 43,00; calculated MR 
42.80; yield 27.5%, Methylation of this substance led to a mixture of chloropropenyltrimethylsilanes with the 


following physical properties: b. p. 132-136°; nfs 1.4445; d2° 0.8947; found MR 44,19; calculated MR 43.91; 
yield 69%, 


Found %: C 48.65, 48.65; H 8.84, 8.77; Cl 23.87, 24.16; Si 19.09, 18.77. CgHy3SiCl. Calculated %: 
C 48.45; H 8.81; Cl 23.84; Si 18.88. 


\ 
TABLE 
A 
| 
1 
q 
ae 
f 
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Raman spectrum 
Av ca}: 240 (5 b), 244 (4), 278 (2 b), 337 (1), 398 (9), 443 (0), 480 (0), 514 (0), 560 (9), ie 
627 (10), 697 (3), 755 (2), 793 (0), 840 (0b), 849 (0 b), 991 (Ob ), 1030 (ob), 1255 (2), 1280 ot 
(4), 1322 (0), 1378 (3), 1416 (3), 1439 (2), 1524 (0), 1564 (1), 1624 (10), 2854 (3), 2900 (10), 
2922 (8), 2963 (10), 3015 (3), 3045 (1), 3071 (4). 
b= broad 
Condensation (with the help of sodium) of the latter substance with (CH ),SiCl gave a mixture of disilanes; : 
b. p. 176-177" (753 mm); 1.4545; dj° 0.8003; foundMR 62,47; calculated MR 62,59; yield 23%, 
Found %: C 58,13, 58.22; H 12.08, 11.97; Si 30.14, 29.90. CgHgSiz, Calculated %: C 57.97; H 11.89; 
Si 30.13, 
Raman spectrum 4 
Ble 
Av ca~': 165 (1), 239 (0), 273 (0), 393 (5), 503 (5), 586 (1b), 645 (10), 688 (5), 734 (0), oe 
804 (0), 1022 (0), 1257 (1), 1301 (0), 1360 (4), 1375 (1), 1446 (1), 1517 (0), 1575 (3), a 
4 1607 (1), 2847 (1), 2901 (10), 2960 (10.) wa 
b= broad 
SUMMARY 
2 1. Three out of the five possible bis-(trimethylsilyl)propylenes were synthesized. = a 
4 2, It was established that quinoline splits off only the 8-chlorine atom from a,§ -dichloropropyltrichloro- 4 
silane with formation of Cl,SiCCl = CHCHg. Quinoline splits off the a-chlorine atom from a, 6 -dichloroisopro- * a 
pyltrichlorosilane with formation of Cl,SiC=CHCl 


CHs 


3. B,y~Dichloropropyltrichlorosilane is found to lose HCl when distilled in presence of AlCl;, forming only 
y ~chloroallyltrichlorosilane, 
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PREPARATION OF AROMATIC ACIDS BY OXIDATION OF THE 
SIDE CHAINS OF AROMATIC COMPOUNDS WITH NITRIC ACID 


COMMUNICATION 2 


I. N. Nazarov and A, V. Semenovsky 


Earlier we reported [1] a simple method of preparation of aromatic acids by oxidation with dilute nitric 
acid of various alkyl and chloromethyl derivatives of aromatic hydrocarbons at about 200°, This method was em- 
ployed for the oxidation of the most diverse side chains of aromatic compounds [2] including heterocyclic com- 
pounds (pyridine bases) [3], 


In the present work this method has been successfully extended to the oxidation of aromatic nitro derivatives, 
fluoro derivatives, chloro derivatives and bromo derivatives (see table), Thus, the oxidation of mixtures of nitro 
derivatives of toluene, ethylbenzene and cumene obtained by nitration gave a 75-85% yield of a mixture of o- 


and p-nitrobenzoic acids. Oxidation of chloromethyl 
betas derivatives of halobenzenes, obtained by chloromethyl- 
Oxidation of Aromatic Derivatives with Dilute Nitric ation of the latter, likewise gave in general an 80% 
Acid at High Temperatures yield of a mixture of o- and p-halobenzoic acids; this 


result indicates the formation during chloromethylation 


- | Prod , of halobenzenes of a mixture of the o- and p-chloro- 
5 g por cary pve sete % yield methyl derivatives of the halobenzenes, and not of the 
-——  p-isomer alone as had been assumed up to the present 
O.NC,H,COOH 75 time [4]. It was that oxidation with nitric 
2 O2NCgHqC2Hs O2NCsH«COOH 84 acid at about 200° can also be successfully applied to 
aromatic bromomethy] derivatives, whereas their oxi- 
5 CIC HiCoH CIC.H,COOH 77 dation with chromic acid in acetic acid is accompanied 
6 CICgH4CH (CHs)2 CIC,H,gCOOH = by formation of secondary products of bromination die 
8 BrC,H,CoH, BrC.H COOH 69 to the oxidizing action of the chromic acid upon the 
9 BrCgH4CH (CHs)2 BrC,H,COOH 74 liberated hydrogen bromide. In the case, however, of 
10 FC,H4CH.Cl 93 tic i d ti <idation t d- 
CIC HICH.CI CIC, HCOOH 85 ic ives, oxidation to the 
12 BrCgHgCH.Cl BrCgH«COOH | 68 ing iodobenzoic acids does not go smoothly; this be- 
13 BrCH.CgHyCHys HOOCC,H «COOH 61 havior is presumably associated with the susceptibility 
15 | BrCHsCqH«CH (CH): | HOOCGH,COON | 78 to oxidation of the iodine in the aromatic ring under 


these conditions. 


Results of the investigation are summarized in the table. Oxidation was carried out in a rotating steel auto- 
clave using 20% nitric acid (about 20% excess) at 200° for 1.5 hr. After the autoclave had cooled, the water-in- 
soluble acid was filtered off; the aqueous solution was evaporated to a small volume and deposited an additional 
small quantity of oxidation product, usually the ortho-acid which is the more soluble in water, The high yield of 
aromatic acids obtained by this oxidation method entitles the latter to special consideration from the viewpoint of the pos - 
sibility of evaluation of the composition of a mixture of o-, m- and p-isomers of substituted aromatic compounds 
which is being oxidized. This method may also be of definite value for the preparation of aromatic acids (benzoic, 
phthalic, etc.) by oxidation of the most diverse aromatic compounds, 
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EXPERIMENT AL 
Oxidation of Nitro Derivatives of Aromatic Hydrocarbons 


a) Into a 200 ml rotating autoclave were charged 30 ml of 20% nitric acid and 5,0 g of a mixture of mono- 
nitrotoluenes obtained by nitration of toluene. The contents of the autoclave were mixed from 1.5 hr. After 
cooling, 2.42 g of p-nitrobenzoic acid was filtered off from the reaction mass and melted at 237-238,5° after 
recrystallization from water; it did not give a depression with an authentic specimen, The aqueous solution 
deposited 2.07 g of o-nitrobenzoic acid after evaporation to a small volume. This acid was purified via the am- 
monium salt and then recrystallized from benzene; m. p. 142-144°; likewise no depression in admixture with 


an authentic specimen. The total yield of acids was 75%, Oxidation of mixtures of other mononitro derivatives 
under similar conditions gave the following results: 


b) From 5.0 g of a mixture of mononitroethylbenzenes and 40 ml of 20% nitric acid were obtained 2.53 g 
of p-nitrobenzoic acid and 1.92 g of o-nitrobenzoic acid. Total yield of acids 80%, 


c) From 5.0 g of a mixture of mononitroisopropylbenzenes and 50 ml of 20% nitric acid were obtained 
2.98 g of p-nitrobenzoic acid and 0.80 g of o-nitrobenzoic acid. Total yield of acids 75%. 


Oxidation of Chloro Derivatives of Aromatic Hydrocarbons 


a) Into a 200 ml rotating autoclave were charged 60 ml of 20% nitric acid and 5.0 g of a mixture of chloro- 
toluenes obtained by chlorination of toluene. The contents of the autoclave were mixed at 200° for 1.5 hr. After 
cooling, 4.0 g (65%) of a mixture of o- and p-chlorobenzoic acids was filtered off. The pure acids were isolated 
by separation of their calcium salts in the following manner, 2.0 g of the mixture of acids dissolved in aqueous 
ammonia, and the solution was filtered and boiled until the excess of ammonia had been driven off (test by odor). 
To the solution of ammonium salts was added a solution of pure calcium chloride. The sparingly water-soluble 
calcium salt of p-chlorobenzoic acid then came down; it was collected and acidified with dilute hydrochloric 
acid, This procedure gave 1.1 g of pure p-chlorobenzoic acid with m. p. 238-240", not giving a depression with 
an authentic specimen, The residual mother liquor of the calcium salt solution was evaporated to a small volume 
and deposited the calcium salt of o-chlorobenzoic acid; this was thoroughly washed with alcohol to remove residues of 


salt of the para-acid and acidified with dilute hydrochloric acid. The o-chlorobenzoic acid was thus obtained 
with m, p. 137-138° (from water). 


b) Oxidation under similar conditions of 5,0 g of a mixture of monochloroethylbenzenes with 70 m1 of 20% 
nitric acid gave 4,26 g (77%) of a mixture of chlorobenzoic acids. 


c) From 5.0 g of a mixture of monochloroisopropylbenzenes and 75 ml of 20% nitric acid was obtained 3.5g 


(70%) of a mixture of chlorobenzoic acids. In both cases the o- and p-chlorobenzoic acids were isolated from the 
mixtures by the method described above. 


Oxidation of Bromo Derivatives of Aromatic Hydrocarbons 


a) Into a 200 ml rotating autoclave were charged 50 ml of 20% nitric acid and 5.0 g of a mixture of mono- 
bromotoluenes, The contents of the autoclave were agitated for 1.5 hr at 200°. After cooling, 2.73 g of bromo- 
benzoic acids was filtered off. Evaporation of the mother liquor gave another 1.69 g of bromobenzoic acids. Due 
to the smaller difference in solubilities of o- and p-bromobenzoic acids (in comparison, say, with the nitrobenzoic 
acids), the filtered bromobenzoic acid contains a high proportion of ortho-isomer, whereas the product isolated 
from the mother liquor is heavily contaminated with para-isomer. Total yield of bromobenzoic acids 4.42 (75%). 
Recrystallization of the 2.73 g of filtered acid gave 1.63 g of p-bromobenzoic acid with m. p. 248-250° (from 
dilute acetic acid), not giving a depression with an authentic specimen, Isolation of pure o-bromobenzoic acid 
from the 1.69 g of bromobenzoic acids obtained by evaporation of the mother liquor involved prolonged purifica- 
tion by way of one or other of the salts and many recrystallizations. We obtained o -bromobenzoic acid by puri- 


fication via the silver salt and numerous recrystallizations from water; it has m. p. 143-145° (the literature re- 
ports m. p. 147-148"). 


b) Under similar conditions, oxidation of 5.0 g of a mixture of monobromoethylbenzenes and 60 ml of 20% 


nitric acid gave 3.72 g (69%) of a mixture of o- and p-bromobehzoic acids (2.31 g on filtration and 1.41 g on 
evaporation of the mother liquor). 
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c) From 5.0 g of a mixture of monobromoisopropylbenzenes and 70 ml of 20% nitric acid was obtained 
3.57 g (71%) of a mixture of o- and p-bromobenzoic acids (2.82 g on filtration and 0.75 g on evaporation of the 
mother liquor). In both cases the pure o- and p-bromobenzoic acids were isolated from the mixtures by the pro- 
cedure described above. 


Oxidation of Chloromethyl Derivatives of Aromatic Hydrocarbons 


a) 5.0 g of a mixture of chloromethyl] derivatives obtained by chloromethylation of fluorobenzene [5] and 
80 ml of 20% nitric acid were heated at 200° for 1.5 hr. 4.29 g of p-fluorobenzoic acid was filtered off and had 
m.p. 182-183.5 (from water); no depression with an authentic specimen. From the mother liquor was separated 0,22 
g of o-fluorobenzoic acid with m. p, 118-120° (from water), According to the literature o-fluorobenzoic acid 
melts at 120°, Total yield of acids 93%, 


b) 5.0 g of a mixture of chloromethyl derivatives obtained by chloromethylation of chlorobenzene [5] and 
75 ml of 20% nitric acid were treated as before and gave 4.11 (84.5%) of a mixture of chlorobenzoic acids from 
which the o- and p-isomers were isolated by the method described above. 


c) Oxidation of 5.0 g of a mixture of chloromethyl derivatives obtained by chloromethylation of bromo- 
benzene [5] with 70 ml of 20% nitric acid gave 3.3 g (68%) of a mixture of bromobenzoic acids (3 g on filtration 
and 0.3 g on evaporation of the mother liquor). Pure o- and p-bromobenzoic acids were isolated from the mix- 
ture by the method described above. 

Oxidation of Bromomethyl Derivatives of Aromatic Hydrocarbons 


a) Into a 200 ml rotating autoclave were charged 5.0 g of a mixture of bromomethyl derivatives of toluene 
(obtained by bromomethylation of toluene [6]) and 90 ml of 10% nitric acid. The mixture was agitated for 1.5 hr 
at 200°. After cooling, 1.73 g of terephthalic acid was filtered from the mass. Evaporation of the mother liquor 
to a small volume gave 1.0 g of phthalic acid; after recrystallization from 5% hydrochloric acid it was converted 
to the anilide by boiling for 15 min with aniline; the anilide had m. p. 205-207° (from methanol) and did not give 
a depression in admixture with an authentic specimen, Total yield of acids 61%. The following results were ob- 
tained when bromomethy! derivatives of ethylbenzene and cumene [6] were oxidized under similar conditions. 


b) Oxidation of 5.0 g of a mixture of the bromomethyl derivatives of ethylbenzene with the help of 90 ml 
of 10% nitric acid gave 2.5 g of terephthalic acid and 0.79 g of phthalic acid; the latter was converted to the 
anilide with m. p. 206-208°. Total yield of acids 81%. 


c) 5.0 g of a mixture of bromomethy] derivatives of cumene and 60 ml of 20% nitric acid gave 2.91 g of 
terephthalic acid and 0.12 g of phthalic acid, Total yield of acids 78%. In all cases the terephthalic acid was 
identified through its dimethyl ester with m. p. 141-142° (no depression with an authentic specimen). 
SUMMARY 
At about 200° dilute nitric acid smoothly oxidizes the side chains of the most diverse aromatic compounds 
to give high yields (70-90%) of the corresponding aromatic acids. 
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SYNTHESIS AND VISCOSITIES OF 1-ALKYLNAPHTHALENES AND 7 
THEIR DECAHYDRO-DERIVATIVES 
A. D. Petrov, O. M. Nefedov, and V. D. Vorobyev 7 
Although the synthesis of normal 1-alkylnaphthalenes can be effected under the conditions of the usual 
(single-step) Wurtz-Fittig reaction, the results are not always satisfactory since the yields of 1-n-alkylnaphtha- - 
lenes generally fall off with increasing length of the aliphatic radical, Thus, while 1-n-amylnaphthalene is - 
formed in 45% yield by reaction of 1-bromonaphthalene with n-amyl bromide in presence of sodium, the yield . 
of 1-n-hexylnaphthalene in this reaction is only 30% [1], and that of 1-n-octylnaphthalene only 11%, 1-n-Butyl- 7 
naphthalene is a special case since its yield is only 11.4% [1], presumably due to the great susceptibility of a 
n-butyl halide to condensation to n-octane by the Wurtz reaction. 
TABLE 1 
lrempera Yields of reaction products in % 
Experi 1-C,9H,X Metal |Solvent {ture of ex naphthalt “ag 1,1-di- 
ment eriment en naphthyl 
No. in °C a als dodecan phthy 
1 1-CyoH,Br |Magesiun| Ether 5 Traces 75 6 
2 |Lithium | Ether 35 Traces 84 Traces 2 
3 1-C)9H,Br |Lithium Benzene 80 3 42 2 5 A 
4 | 4-CyoH,Br |Sodium | Ether 35 4 37 33 51 x 
3 1-CyoH;Br |Sodium | Ether 0—35 6 39 48.5 57 
1-C,,H,Cl Sodium | Ether 0—35 9 30 26.5 52 
7 | 41-CyoH;Cl Sodium | Ether 15-20! 45 28 42 
8 1-CyoH,Cl (Potassium) Ether 35 3.5 65 3.5 5 
9 1-C,oH;C] Potassium} Heptane 22 4.5 37 9 33.5 
10 4-C,)9H,Br Potassium} Heptane 17 6 22 4 17 


In connection with the problem of synthesis of branched 1-alkylnaphthalenes, we were required to use primary 
(branched), secondary and tertiary alkyl halides in the synthesis. Under our conditions, however, the latter (e. g., 
3-chloro-3-methylpentane) completely split off HCl. In the case of a primary but branched alkyl halide (1-bromo- 
2-ethylhexane) we failed to obtain 1-(2'-ethylhexyl)-naphthalene in satisfactory yield by the usual Wurtz-Fittig 
procedure (simultaneous addition of an equimolar mixture of the halides to excess of alkali metal), in spite of the 
use for this purpose of different metals, and solvents and the application of diverse conditions of synthesis (Table 1), 


The yield of the corresponding alkylnaphthalene in all of the experiments, even when using potassium, did 
not exceed a few percent (0-9%), while the main products of the reaction were naphthalene and dinaphthyl. It is 
interesting to note that in the experiments with potassium, a considerable proportion of the original 1-CyjH7X (18- 
32%) and 1-bromo-2-ethylhexane (40-70%) did not generally undergo any changes at all in the synthesis. A similar 
picture was observed in experiment No, 3 with lithium in boiling benzene. We succeeded in raising the yield of 
1-(2'-ethylhexyl)-naphthalene to 35% only by conducting the Wurtz-Fittig reaction in two steps when using 1- 
chloronaphthalene and metallic lithium, i. e., the conditions described for the synthesis of 1-methylnaphthalene 
(2, 3]. Replacement of 1-chloronaphthalene by the corresponding bromide under the same conditions led to lower- 
ing of the yield of alkylnaphthalene to 21%, due to the increased rate of formation of dinaphthyl(62%compared with 
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TABLE 3 


Kinematic viscosity v in cc Literature 


Hydrocarbon reference 


20° | 100° | 125° | 150° | 200° 


13,82 |5.00 |2.80] 1.85] 4.34] 1.05 | 0.88] 0.76 


0.98 


Andreev [6] 


CH; 


CH—n-C\Hy 14.38 


32% in the case of chloronaphthalene), In a similar manner, by treatment of 1-naphthyllithium, prepared from 
1-chloronaphthalene and metallic lithium, with the corresponding alkyl bromides, we synthesized 1-n-butylnaph- 
thalene (44%), 1-n-hexylnaphthalene (40%), 1-n-octylnaphthalene (45%) and 1-sec-octylnaphthalene (15%). The 
corresponding alkylnaphthalene was obtained by reacting 1-naphthyllithium even with a tertiary halide — 3-chloro- 
3-methylheptane (yield 10%). The absence of any isomeric transformations at all under the conditions of the or- 
ganolithium synthesis of alkylnaphthalenes was demonstrated by us in the case of 1-sec-octylnaphthalene, The 
properties of the hydrocarbon prepared by the action of 2-bromooctane on 1-naphthyllithium were identical in 

all respects with those of 1-sec-octylnaphthalene obtained by the Grignard reaction, starting from n-hexylmag- 
nesium bromide and methyl-1-naphthyl ketone. 


In the investigation we prepared a series of four isomeric 1-octylnaphthalenes which were hydrogenated 
over Raney nickel at 170-190° and an initial hydrogen pressure of 100-150 atmos.to form the corresponding 1- 
alkyldecahydronaphthalenes. The properties of the hydrocarbons obtained are presented in Tables 2 and 3, 


| 
(| ) CH, 14.87|5.14|2 82] 1.80 | 0.79 | 0.68 
an. Cl CH, 
| 
|| CoH, 26.32 |6.50|3.24 | 1.93] 1.34] 1.00] 0.83] 0.72 
: 
CH, 
4 
( () 36.10 |7.85 |3.70 | 2.251 4.48] 1.14] 0.90| 0.76 
du 
62.36 (8.85 /4.68/3.05] — | -|—|— | 
n-CsHy, 
11.24 |4.59 2.74] 1.86] 4.37] 1.18|0.91| 0.77 
12.57 |4.6 |2.76]1.79| 4.30] 1.02|0.82] 0.74 
4 97|2.79] 1.79 | 4.32]4.02|0.85]0.73 
CH 
20.68 |5.87 [3.44 | 1.95 | 1.37 11.04] 0.86] 0.73 
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All of the hydrocarbons of iso-structure solidified to a glass, whereas 1-n-octylnaphthalene and the product 
of its complete hydrogenation crystallized, It should be noted, however, that the latter substances likewise set 
to a glass when rapidly cooled, at temperatures of, respectively, —65 and—75°, In all cases the 1-alkyldecalins, 
as was to be expected, had lower setting (melting) points — on the average 10° lower — and a lower viscosity than 
the corresponding hydrocarbons of the naphthalene series. 


We see from Table 3 that among the alkylnaphthalenes or their fully hydrogenated derivatives with an equal 
number of carbon atoms in the side chain, the isohydrocarbons possess the higher viscosity, the viscosity also in- 
creasing in proportion to the number of tertiary and (especially) quaternary carbon atoms in the side chain. With 
rising temperature, however, the difference in viscosities is considerably reduced, and at temperatures of 125° and 
higher it substantially disappears in general. 


EXPERIMENTAL 


Pure 1-chloro- and 1-bromonaphthalenes were isolated from the technical products by two fractionations 
in vacuo in a column with an efficiency of 15 theoretical plates, and they were freed from traces of the corre- 
sponding 2 isomers by crystallization from absolute alcohol at—15 to— 20°, The alkyl bromides used in the syn- 
thesis of the 1-alkylnaphthalenes were obtained by saturation of the corresponding alcohols with dry HBr at 100- 
120°, and after treatment with conc, H2SO, they were distilled » a column with an efficiency of 15 theoretical 
plates. 3- gel -3-methylheptane [b. p. 63.5-65° (27 mm); ny 1.4320; the literature [7] reports b. p, 64-65° 
(27 mm); np 1.4314] was prepared by treatment with dry HCl (at 0° for 12 hrs) of 3-methylheptanol-3 synthesized 
by the Grignard reaction from n-butylmagnesium bromide and methyl ethyl ketone, 


All experiments were performedin an atmosphere of dry nitrogen. * 
L. Single-Step Wurtz-Fittig Synthesis of 1-n-Butylnaphthalene ; 
The literature contains data by Andreev [6] which indicate that replacement of sodium by lithium would 
appear to considerably increase the yield of 1-n-butylnaphthalene also under the conditions of the single-step 7; 
Wurtz-Fittig synthesis, These data are in conflict with those of Bailey, Pickering and Smith [1]. However, the ; 
properties of this hydrocarbon given by Andreev (see line 1 in Table 4) enable us to question the purity of his 
preparation, and consequently also the correctness of his conclusion pertaining to the yield of the hydrocarbon. oe 
TABLE 4 
Properties of 1-n-Butylnaphthalene 
Yield p. in M. in n2? Literature 
in % inmm Hg), D references 
~ 40 286—287 —64 4.5722 0.9622 | Andreev [6] + 
(on crude 113—114 (2)} (solidifica~ 
product) tion point) 
14 113 (3) | —22-+—23 1.5810 0.9743 
11.4 289'(760) —22 1.5811 0.977 Bailey et al. [1] be 
157 (20) 


— 289.3 (760) —19.76 1.5819 0.9767 Hipsher and Wise [8] 


Indeed, on closely following Andreev's experimental procedure we obtained 1-n-butylnaphthalene only in . 
11% yield, and the properties of the resultant hydrocarbon were in adequate agreement (especially the melting 
point) with the properties of 1-n-butylnaphthalene reported by Bailey[1] and Hipsher [8]. 
Found %; C 91.14, 91.20; H 8.75, 8.69, CyHyg. Calculated %: C 91.25; H 8.75. ia 
2. Wurtz-Fittig Synthesis of 1-(2'-Ethylhexyl)Naphthalene and 1-n-Octylnaphthalene s 
To 0.6 g of alkali metal (or 0.3 g-atom magnesium) in 100 ml absolute solvent was run a mixture of 0.2 Ms 
mole 1-halonaphthalene and 0.2 mole (39 g) of 1-bromo-2-ethylhexane in the course of an hour with vigorous 
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stirring; after the addition, stirring was continued for another 12 hrs at the experimental temperature, The reac- 
tion mixture was treated at first with methyl alcohol and then with 5% H,SO,. The reaction products were frac- 
tionated in a column with an efficiency of 15 theoretical plates, at first at atmospheric pressure (up to 200°) and 
then in vacuo, Experimental results are presented in Table 1 (yields are calculated on the crude product), 


Similarly, from 62.1 g (0.3 mole) of 1-bromonaphthalene, 66.4 g (0.34 mole) of 1-bromooctane and 41 g 
of sodium in 200 ml of absolute ether was obtained (addition for 2 hrs at 10° followed by stirring at first at room 
teniperature for 3 hrs and then at the boiling point of ether for 3 hrs) 7.9 g of 1-n-octylnaphthalene. In addition, 
naphthalene (65%), n-hexadecane (30%) and 1,1-dinaphthyl (20%) were isolated from the products of reaction, 


3. Synthesis of 1-Alkylnaphthalenes by a Modified Wurtz-Fittig Reaction — Alkyla- 


tion of 1-Naphthyllithium with Primary, Secondary, and Tertiary Alkyl Halides 


3-5 ml of 1-chloronaphthalene out of a total quantity of the latter of 65 g (0.4 mole) was run into a flask 
containing 7 g (1 g-atom) of pulverized lithium in 200 ml absolute ether; the contents were heated and stirred 
until reaction commenced, Addition was then made in the course of 105 min of the remaining quantity of 1-chloro- 
naphthalene in 150 ml of absolute ether, The contents of the flask were stirred at room temperaiure for another 
1 hr, after which a solution of 0.8 mole of the corresponding alkyl halide in 150 m1 of absolute ether was added 
over a period of 105 min. The reaction mixture was stirred at first at room temperature (2-3 hrs) and later at the 
boiling point of ether (7-10 hrs); it was then worked up with 10% acetic acid. The reaction products were frac- 
tionated in vacuo. The isolated 1-alkylnaphthalene was purified by two fractional distillations in vacuo over 


sodium. The properties of the prepared 1-alkylnaphthalenes and their hydrogenation products are given in Tables 2 
and 3. 


4. Synthesis of 1l-sec-Octylnaphthalene Starting from Methyl 1-Naphthyl Ketone and 


n-Hexylmagnesium Bromide 


To an ethereal solution of n-hexylmagnesium bromide, prepared from 6,1 g (0.25 g-atom) of magnesium 
turnings and 36,4 g (0.22 mole) of 1-bromohexane, was added in the course of 45 min 18 g (0.1 mole) of methyl 
1-naphthyl ketone [b. p. 162-162.5° (14 mm); nf 1.6287; d}° 1.1200; literature data (9}: b. p. 170-170.5° (20 mm); 
nfj5 1.6280; q 1.1171] in 50 ml of absolute ether. The reaction mixture was stirred for 2.5 hrs in 50 ml of 
absolute ether, then for 10 hrs at 35°, after which it was decomposed with a mixture of ammonium chloride and 
ice. Fractionation in vacuo gave a fraction (15 g) with b. p. 160-163° (4.5 mm) consisting of 2-(1'-naphthyl)oc-. 
tene slightly contaminated with 2-(1'-naphthyl)octanol-2, The fraction was heated with 1.5 g of anhydrous copper 


sulfate (1 hr at 175°) to give (after fractionation over sodium) pure 2-(1'naphthyl)octene; yield 14.5 g (60%); 
b. p. 163.5-164° (5.5 mm); nf} 1.5661; d?? 0.9532. 


Found %: C 90.57, 90.62; H 9.34, 9.35. CygHg 9. Calculated %: C 90.69; H 9.31. 


The 2-(1'-naphthyl) octene was hydrogenated over Raney nickel to give 2-(1'-naphthyl)octane; b. p. 162.5° 
(6 mm); nf} 1.5518; 0.9396. 


Found %: C 90,10, 90.00; H 10.04, 10.03. CygHy. Calculated %: C 89.94; H 10.06. 


SUMMARY 


1, It was established that the two-step organolithium synthesis of 1-alkylnaphthalenes (via 1-naphthylli- 
thium) gives considerably higher yields of the latter than the operation of the reaction by the normal Wurtz-Fittig 


procedure even when using potassium. The possibility of utilizing secondary and tertiary alkyl halides in this form 
of the organolithium synthesis of 1-alkyl naphthalenes was demonstrated. 


2. It was found that in the series of isomeric 1-octylnaphthalenes (synthesized here for the first time) and 


their decahydro-derivatives, the viscosity increases in proportion to the number of tertiary and (especially) quater- 
nary carbon atoms in the side chain. 
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OXIDATION-REDUCTION SYSTEMS FOR INITIATING RADICAL PROCESSES 


6. SYSTEMS WITH PARTICIPATION OF OXYGEN FOR INITIATION OF THE PROCESS OF 
OXIDATIVE BREAKDOWN OF POLYMERS 


E. I. Tinyakova, B. A. Dolgoplosk, and V. N. Reikh 


The study of the action of oxidation-reduction systems consisting of peroxides and various reducing agents 
on rubber solutions has established that in an atmosphere of inert gas they all have a structure-forming action; 
in presence of oxygen the same systems strongly initiate the process the oxidative destruction [1]. Both of these 
processes are identical in respect to their nature as competing chain reactions involving polymerization and oxida- 
tion. The ratio between them is determined primarily by the oxygen concentration, 


The present communication is devoted to a study of the intensity and the mechanism of the action of oxida- 
tion-reduction systems in which the formation of the initial active centers is due to reaction of oxygen with dif- 
ferent reducing agents. In this case chain growth always proceeds under conditions of oxygen excess which sup- 
presses structure-forming processes. It is significant that in systems of this type the initiation must be realized at 
the expense of radicals with a reactive center at the oxygen (HO" or HOy), and this can to a considerable extent 
govern the character of the primary reactions with the polymer (breakage of the C—C bond, detachment of a 
hydrogen atom or addition to the C=C bond). 


Composition of Systems and Intensity of Their Action 
Destruction of polymers under the action of hydrogen peroxide. It is known that certain compounds of the 


type of polyphenols, dienols, hydroxyketones and hydrazo-compounds are capable, under suitable conditions, of 
being oxidized with molecular oxygen with formation of hydrogen peroxide [2-4]. Oxidation of hydrazobenzene 
and 2-ethylhydroxyanthracene is recommended as a method of preparation of highly concentrated hydrogen peroxide 
(2, 3]. In many cases the hydrogen peroxide cannot be detected as an intermediate product due to its rapid break- 
down by reaction with the substrate or by the action of heavy metals [5], 


In view of the possible formation of hydrogen peroxide as an intermediate product of oxidation, it was ne- 
cessary to make a preliminary study of the kinetics of breakdown of hydrogen peroxide in hydrocarbon media, as 
well as of the character of its action on rubber solutions. Our data for the kinetics of breakdown of HO, in solu- 
tion (mixture of 77% toluene and 23% pyridine) are plotted in Fig. 1. In the absence of reducing agents and iron 
salts, hydrogen peroxide is stable at 50°, Introduction of small quantities of ferric naphthenate (0.2 mole% on the 
hydrogen peroxide) causes fairly intensive breakdown of the peroxide. The rate of breakdown increases sharply 
with rising concentration of ferric naphthenate. This process is also extremely intensive at 20° (curve 4). 


The foregoing data show thai unlike organic hydroperoxides, which break down only at relatively high tem- 
peratures (above 70°) in hydrocarbon solutions in presence of ferric naphthenate, hydrogen peroxide decomposes 
under the same conditions at 20°, Breakdown of hydrogen peroxide in hydrocarbon solvents under the influence 
of ferric naphthenate initiates the process of breakdown of rubber in solution at 50° (Fig, 2). In the absence of 
ferric naphthenate SKV butadiene rubber hardly breaks down at all (curve 1), Introduction of 10% of ferric naph- 
thenate (calculated on the peroxide) leads to rapid fall in the viscosity of the solution (curve 2). Destruction of 
butadiene-styrene rubber containing a small quantity of iron salt likewise proceeds intensively (curve 3). 


1135 


hal 
= 
a 
“a ; 
J 
an 
4 
d 
3 


100 __ 100 
90 
60 
c 
4 ‘5 50 
20 = 
10 8 
0 > 
Minutes Hours 


Fig. 1. Influence of ferric naphthenate on the kinetics 


Fig. 2. Destruction of butadiene (1, 2) and butadiene- 


a of breakdown of HO, in a hydrocarbon solution; 1) 50° _ styrene (3) rubbers in soiution in presence of hydrogen 
= without ferric naphthenate; 2) 50°, 0.2mole% ferric peroxide at 50°: 1) HgO,; 2) HO, + 20 mole% ferric 
naphthenate; 3) 50°, 1.0 mole% ferric naphthenate; naphthenate; 3) H,O,. 


4) 20°, 1.0 mole% ferric naphthenate, 


The free radicals formed by breakdown of hydrogen peroxide consequently initiate the process of destruc- 
tion of unsaturated polymers. 


Formation of hydrogen peroxide in the oxidation of derivatives of hydrazine and the destructive effect. 
Although phenylhydrazine and its derivatives have long been recommended for acceleration of the process of 
oxidative breakdown of rubbers, the mechanism of their action has remained obscure up to now, and a purely 
catalytic action is usually attributed to them [6]. We approached the problem from the theory that initiation of 
the process is directly associated with oxidation of hydrazine derivatives by oxygen. We know, for example, that 
the oxidation of hydrazobenzene in alcoholic or benzene solutions proceeds quantitatively with formation of hydro- 
gen peroxide [2]. In the oxidation of hydrazobenzene in ethylbenzene solution at 20°, we found 22% (of theory) 
of HzO2. The low yield of HzO, was due to its breakdown by reaction with hydrazobenzene. Introduction of ferric 
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Fig. 3. Destruction of SKV butadiene rubber in solution Fig, 4. Destruction of SKS-30 butadiene-styrene rubber ; 
under the influence of phenylhydrazine and ferric naph- in solution in presence of phenylhydrazine (PH) and _ 
thenate at 50°; 1) phenylhydrazine; 2) phenylhydrazine+ hydrazobenzene (HB) at 50°; 1) HB + 10 mole% ferric - 
+ 10 mole% ferric naphthenate; 3) phenylhydrazine + naphthenate; 2) without additives; 3) PH + 10 mole% 
+ 10 mole% ferric naphthenate + Neozone D (the arrow _ ferric naphthenate, 
i‘ marks the moment of introduction of ferric naphthenate); 

% 4 4) nitrogen, phenylhydrazine; 5) nitrogen, phenylhydra- 
zine + ferric naphthenate. 
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naphthenate leads to a slight speeding-up of oxygen absorption, but substantially no hydrogen peroxide is then 
detected among the reaction products. This is presumably the consequence of its breakdown under the action 
of ferric naphthenate, We established that the oxidation of phenylhydrazine in hydrocarbon solution by mole- 
cular oxygen likewise leads to formation of hydrogen peroxide, After one hour at 20° the yield of hydrogen pero- 


xide was 40% of the theoretical. Introduction of ferric naphthenate in this case leads to a sharp drop in yield of 
hydrogen peroxide due to its decomposition, 


Phenylhydrazine and hydrazobenzene bring about very intensive destruction of rubber in solution in presence 
of oxygen, as illustrated by Figs. 3 and 4, In the presence of phenylhydrazine and oxygen, the destruction of 
SKV butadiene rubber proceeds slowly (after 2.5 hrs the viscosity of the solution had fallen by only 24%). On 
subsequent introduction into the system of ferric naphthenate (10 mole% reckoned on the phenylhydrazine) (in- 
dicated by the arrow) the viscosity of the polymer solution falls sharply (curve 1,a). A similar effect is observed 
when the same quantities of phenylhydrazine and ferric naphthenate are simultaneously introduced into the sys- 


tem (curve 2), Introduction of an oxidation inhibitor into the rubber in the shape of phenyl- 6 -naphthylamine 
(1%) has no effect on the rate of breakdown (curve 3), 


Curves 4 and 5 (Fig. 3) illustrate the kinetics of breakdown of rubber in presence of phenylhydrazine and 
of phenylhydrazine + ferric naphthenate in a nitrogen atmosphere, A certain insignificant fall in viscosity of the 
solution, which is observed at the start of the process, is presumably due to the influence of traces of peroxide 
and oxygen present in the rubber, Butadiene-styrene rubber breaks down at a high rate under the influence of 
phenylhydrazine and ferric naphthenate — after 5 min the viscosity of the solution had fallen to 9% of the original 


(Fig. 4, curve 3), A similar action is manifested in the system consisting of hydrazobenzene and ferric naphthenate 
in presence of oxygen (curve 1, Fig. 4). 
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Fig. 5. Kinetics of reaction of H,O2 with reducing 
agents at 20°: 1) HgO, + 10 mole% ferric naphthenate; 
2) H2O2 + 100 mole% diethyl dihydroxymaleate, 

3) HyO2 + 100 mole% hydrazobenzene, 


Fig. 6. Destruction of butadiene (1, 2) and butadiene- 
styrene (3, 4) rubbers in ethylbenzene solution under 

the influence of diethyl dihydroxymaleate (DDM) at 

50°; 1, 3) DDM; 2) DDM + 10 mole% ferric naphthenate; 
4) DDM + 5 mole% ferric naphthenate. 


Consequently, phenylhydrazine and hydrazobenzene, which are oxidized by molecular oxygen with forma- 
tion of hydrogen peroxide, exert a strong destructive action on rubber in solution. The process of oxidation of 


hydrazobenzene and phenylhydrazine itself, with formation of hydrogen peroxide, proceeds without participation 
of iron salts, 


Reversible systems acting with participation of -ous salts of metals of variable valence. a) Systems with 
participation of dienols. Diethyl dihydroxymaleate in a hydrocarbon solution absorbs oxygen with extreme avidity — 
at 50° the reaction comes to an end after 6 hrs, In this case the reaction is accompanied by formation of small 
quantities of hydrogen peroxide. After 2 hrs at 20° its yield is approximately 3.5%, The low yield of hydrogen 
peroxide on oxidation of diethyl dihydroxymaleate is accounted for by breakdown due to interaction with the ori- 
ginal dienol. This effect is promoted by the long period of contact of the components in the course of the slow 
oxidation process. Only about 57% of peroxide is found in the system after 10 min when starting from an equi- 
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molar mixture of hydrogen peroxide and dienol at 20° (Fig. 5), Introduction of ferric naphthenate leads to a sharp 
rise in the rate of oxygen absorption, 


A system containing diethyl dihydroxymaleate in presence of oxygen initiates breakdown of rubber (Fig. 6). 


This process is evidently developed through intermediate products in the reaction of hydrogen peroxide with the 
ester, for example, according to the equation; 


| 
C—OH + HO—OH C— + H,0 
ll I 
Cc—OH C—OH 


| | 


Introduction of ferric naphthenate into the rubber solution leads to a shap increase in the rate of destruction 
(curves 2 and 4, Fig. 6). 


b) Systems with participation of benzoin, Benzoin differs from the substances considered above in not being 
oxidized by oxygen in hydrocarbon solution (Fig. 7, curve 1). On introducing 10 mole% of ferric naphthenate 
(reckoned on the benzoin) brisk absorption of oxygen commences (curves 2 and 3), Systems containing benzoin 
and ferric naphthenate can be successfully used for the oxidative breakdown of rubber in solution (Fig. 8). In the 
absence of ferric naphthenate (curve 1) neither absorption of oxygen nor change of viscosity of the solution is ob- | 
served. Ferric naphthenate considerably speeds up the destruction of the polymer (curve 2). Introduction of phenyl- 


8 -naphthylamine leads to an appreciable fall in the rate of oxygen absorption and correspondingly in the rate of 
breakdown of polymer (curve 3, Fig. 8). 
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Fig. 7. Kinetics of oxidation of benzoin in ethylben- 

ne solution at 50°: 1) without ferric naphthenate; 
) Fig. 8. Destruction of SKV butadiene rubber under the 
2) 10 mole %ferric naphthenate; 3)100 mole% ferric 
i Se influence of the benzoin system at 50°; 1) without 

P p additives; 2) benzoin + 10 mole% ferric naphthenate; 
3) benzoin + 10 mole% ferric naphthenate + Neozone D. 


The inhibiting effect of phenyl- 6 -naphthyl- 
amine on the destruction of rubber is probably due to 
formation of quinoid products of oxidation which are 
inhibitors of radical chain processes [7]. It should be 
noted that this amine does not inhibit the process of 
breakdown when the system contains stronger reducing 
agents such as phenylhydrazine or diethyl dihydroxy- 
maleate; this is presumably due to reduction of the 
quinoid products of oxidation to benzenoid products 
with consequent loss of the inhibiting action. 


n,% of theory 
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Fig. 9. Kinetics of oxidation of ditert.-butylhydro- 
quinone (1, 2) and of trichlorothiophenol (3, 4) in ethyl- 
benzene solution at 50°: 1; 3) without ferric naphthenate; 
2,4) 10 mole% ferric naphthenate. 
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c) Systems with participation of polyphenols. We selected ditert,-butyl-hydroquinone as a polyphenol 


soluble in hydrocarbons and compatible with rubber: 


Ou 
= 


OH 


Its solution in ethylbenzene does not absorb oxygen, Reaction commences only when ferric naphthenate is intro- 
duced into the system (Fig. 9). In complete accord with these data, the system with ditert.-butylhydroquinone 
only plays a part in oxidative destruction in presence of ferric naphthenate (Fig. 10). The viscosity of a solution 
of butadiene-styrene rubber containing ditert.-butylhydroquinone alone is substantially unchanged after 3 hrs, and 
only the addition of 10 mole %of ferric naphthenate (on the hydroquinone) leads to a sharp fall in the viscosity 

of the solution. 


System containing mercapto compounds. A 
number of mercapto compounds are usually recom- 


mended for acceleration of thermooxidative masti- 
cation of rubbers, Examples of this class of compounds 
are trichlorothiophenol (Renacit No, 2) and mercapto- 
benzothiazole (Captax). In tests with trichlorothio- 
phenol we showed that the mechanism of the action 
of these compounds is similar to that of the systems 
containing benzoin and polyphenols (see above). Oxi- 
dation of trichlorothiophenol at 50° only takes place 
in presence of ferric naphthenate. Trichlorothiophenol 
relatively easily reduces ferric naphthenate to the fer- 
Hours rous salt. After 20 min at 20°, about 30% of ferrous 
iron (based on the theoretically possible) is detected. 
In complete harmony with the data on oxidation of 
trichlorothiophenol, the destruction of rubber at 50° 
only takes place when trichlorothiophenol and ferric 
naphthenate are present at the same time. 
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Fig. 10. Kinetics of destruction of butadiene-styrene 
rubber in solution in presence of ditert.-butylhydro- 
quinone (1, 2) and of trichlorothiophenol (3, 4) at 
50°: 1, 3) without ferric naphthenate; 2,4) 10 mole% 
ferric naphthenate. 

Breakdown of saturated polymers. Oxidation- 
reduction systems with participation of reducing agents 
and ferric naphthenate play a part in the process of 
breakdown not only of unsaturated but also of some 
saturated polymers, such as polyisobutylene, Figure 11 
contains plots of the change of viscosity of a solution 
of polyisobutylene at 50° in presence of a system con- 
taining benzoin, ferric naphthenate and oxygen. The 
process only takes place when all of the three compo- 
nents are present. In the absence of one of them, the 
viscosity of the solution does not change. Destruction 
of polyisobutylene is presumably due to rupture of the 
chain at the C—C bond on reaction with free radicals: 
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Fig. 11. Breakdown of polyisobutylene in solution in 
an oxygen atmosphere (1, 2) and a nitrogen atmosphere 
(3, 4): 1) without additives, 50°; 2) benzgin + ferric +R + RCH,~~ 
naphthenate, 50°; 3) benzoyl peroxide + diethyl di- CH, by, 
hydroxymaleate + 10 mole% ferric naphthenate, 20°; 

4) benzoyl peroxide + benzoin + 10 mole% ferric 

naphthenate, 20°. 
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The reaction is energetically favored by the 
formation of the relatively stable tertiary radical. The 
probability of breakage of the C—C bonds of the prin- 
cipal chain under the influence of aliphatic radicals 

in the absence of oxygen has been shown earlier [8, 9]. 


100 


We showed that a similar effect arises in oxida- 
tion-reduction systems at lower temperatures, In the 
absence of oxygen, systems promoting structure forma- 
tion in unsaturated polymers [1] lead to breakdown of 
polyisobutylene (Fig. 11), Such an effect is observed 
when benzoyl peroxide acts on solutions of polyisobuty1- 
ene in combination with benzoin or diethyl dihydroxy- 
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0 maleate and ferric naphthenate (curves 2 and 3, Fig.11). 
20 40 60 60 
ae Mechanism of Action of Systems Not 
Containi P xid 
Fig. 12. Kinetics of oxygen absorption by ferrous 
naphthenate solution at 0° (1) and by ethylbenzene The present investigation established that the 
solution containing equivalent amounts of benzoin process of breakdown of polymers with participation 
and ferric naphthenate at 40° (2), Kinetics of reduc- of oxidation-reduction systems takes place in a series 
tion of ferric naphthenate by benzoin at 40° (3). of cases through the step of formation of hydrogen 


peroxide which decomposes under the action of iron 
salts, This type of system is characterized by the absence of participation of iron salts in the first oxidation step 
with formation of hydrogen peroxide. Such systems are those containing hydrazobenzene, phenylhydrazine and 
(in part) dienols, Decomposition of peroxides under the influence of ferric salts in hydrocarbons and aqueous 
media proceeds incomparably more slowly than under the influence of ferrous salts. For example, the breakdown 
of isopropylbenzene hydroperoxide under the influence of ferric salts in aqueous solutions proceeds with an appre- 
ciable velocity only at a temperature of about 50°, and in hydrocarbon media at about 100°. Breakdown of the 
same hydroperoxide in presence of ferrous salts is substantially instantaneous even at a temperature of —70°. Al- 
though the rate of breakdown of H,O, is appreciably different from the rate of breakdown of organic hydropero- 
xides, it may be noted that also in this case the reaction with Fe** goes incomparably faster than with Fe**, The 
presence in the system of reducing agents capable of converting Fe® into Fe* at a sufficiently high speed must 
therefore lead to speeding-up of the rate of breakdown of hydrogen peroxide: 


+ HOOH Fe*+ + ‘OH + HO-. (1) 
Reducing agent -+Fe**+ — Fe?+. (2) 


With participation of dienols or hydroquinone, Reaction (2) goes substant‘ally instaneously in aqueous solu- 
tions. We studied this reaction in a hydrocarbon solution with reference to benzoin, diethyl dihydroxymaleate 
and trichlorothiophenol. Reduction goes with extreme rapidity at 20-50°. The direct reaction between hydrogen 
peroxide and hydrazobenzene, as previously shown (Fig. 5), goes at a considerably lower speed than the reaction 
of hydrogen peroxide with iron salts, 


On the basis of these considerations, we may say that in a system comprising reducing agent, hydrogen 
peroxide and iron salts, Reactions (1) and (2) mainly take place. This also accounts for the accelerating effect 
of reducing agents in presence of ferric iron on the breakdown of hydrogen peroxide in solution. 


In some systems, for example, in the system containing diethyl dihydroxymaleate, the latter reacts with 
hydrogen peroxide fairly quickly. In this case, an important part is played — in parallel with the main reactions 
(1) and (2) — by the reaction between the organic reducing agent and the peroxide. 


The second type of system includes systems in which oxidation takes place only with participation of salts 
of metals of variable valence. In these systems, comprising reducing agent, ferric salt and oxygen, the first step 
is undoubtedly the reaction between reducing agent and Fe** which goes at a sufficiently high speed: 


DH, + 2Fe3+— D'+ 2¥e?++ 
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where DH, is the reducing agent, The second step is the oxidation of ferrous naphthenate which proceeds in ethyl- 
benzene solution with very high speed even at 0°, 


The rate of oxidation of ferrous naphthenate is governed, presumably, only by the rate of diffusion of oxygen. 
Under conditions of continuous stirring at 0°, the oxygen absorption after 3 min was 97% of the amount theoretically 
possible (Fig. 12). Under the same conditions solutions of such reducing agents as benzoin, ditert.-butylhydroqui- 
none and others substantially do not absorb oxygen in the absence of iron, This behavior unequivocally demon- 
strates that the oxidation of such reducing agents by oxygen only proceeds with participation of iron salts, 


The reduction of ferric to ferrous iron also governs the overall speed of oxygen absorption. The kinetic 
curve of reduction of ferric naphthenate by benzoin in ethylbenzene solution at 40° (ratio of 2 moles iron to 1 


mole benzoin) coincides with the kinetic curve of uptake of oxygen by a solution containing the same quantities 
of reactants (Fig. 12). 


Oxidation of ferrous salts, as assumed by some investigators, leads in the intermediate steps to formation 
of persalts of iron which possess a higher oxidizing potential than trivalent iron, Bray and Gorin [10] consider 
that this intermediate compound corresponds to the formula FeO, The possibility is not excluded, as suggested 
by Manchot [11], of formation of a still more active peroxide due to the primary reaction 


Fe2+ 4+ > 


These intermediate compounds must react with reducing agents at higher speed than ferric salts (Fe**) with 
formation of free radicals 


DH, ++ Fe?+O + DH’ + + ‘OH 


DH, Fe?*O, + DH Fe?+ HO’, 


These reactions give rise to the same free radicals as are formed in the breakdown of hydrogen peroxide 
under the influence of iron salts. In this case the formation of hydrogen peroxide is a secondary process proceed- 
ing as the result of reaction of HO, radicals with the reducing agent or of the recombination of two -OH radicals, 


Consequently, consideration of the problem leads us to two mechanisms of the action of oxidation-reduc- 
tion systems comprising reducing agents, salts of metals of variable valence and oxygen: 


1st mechanism 


Fes+ 
HO'andHO’,; 
2 


DH,—~— 
1 


2nd mechanism 


2 Og He 
Fe3+ Fe?+O (Fe?+O,) —> HO'(HO’s) + Fe?+ 


5 


Reaction (1) was experimentally proven with phenylhydrazine, hydrazobenzene and diethyl dihydroxymaleate. 
Reaction (2) was studied by Haber [12]. The radical nature of the products of this reaction is now considered to 
be proven. Reaction (3), as we showed earlier, also goes with high velocity in hydrocarbon media [13]. Reaction(4), 
as shown in the present investigation, goes with great intensity in hydrocarbon media but the formation of peroxide 
forms of iron salts as intermediate products has notbeen experimentally confirmed. Reaction (5) between the peroxy 
form of iron and the reducing agent undoubtedly take place, but the formation of hydrogen peroxide or free radi- 
cals, corresponding to breakdown of hydrogen peroxide has not yet been experimentally proven, 


The first mechanism comes into play when using compounds of the type of phenylhydrazine, hydrazoben- 
zene, and dienols which form hydrogen peroxide independently of the presence of iron salts in the system. The 
second mechanism is possibly the main one in all other cases when the reducing agents in themselves are incapable 
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of being oxidized by oxygen and the process only goes with participation of iron salts, Systems capable of func- 
tioning in this manner contain benzoin, polyphenols, mercaptans and other reducing agents which are not oxidized 
in the absence of ferric naphthenate. 


The foregoing experimental data show that the action of systems containing Captax and other mercaptans 
does not differ in principle from the action of the other systems considered above. In the presence of iron salts 
soluble in rubber, the role of Captax or Renacit or other reducing agents involves mainly their reduction to -ous 
salts. The latter function as oxygen carriers according to the schemes set forth above, Although in the present 
work we have furnished data solely for solutions of polymers, we have amply demonstrated the applicability of 
the generalizations established to the action of systems in a solid polymer. 


The investigation here carried out clarifies the mechanism of initiation of the process but does not touch 
on the problem of the mechanism of breakdown of the polymer chain, Although destruction of polyisobutylene 
and of unsaturated polymers under the influence of free radicals in the absence of oxygen [8, 9] indicates the 
possibility of direct attack of the free radicals at the C—C bond, the main direction of the primary reaction in 
all cases is detachment of the H atom from the chain. The oxidation reaction must predominate in presence of 
oxygen: 


R + 


This leads to formation of hydroperoxide groups in the chain. Oxidative breakdown of the polymer may be mainly 
associated with this direction of the reaction. 


The results obtained reveal the role of salts of metals of variable valence in the processes of polymer growth. 

The development of the process starts with reduction of the -ic salts of the metals to -ous salts, At low tempera- 
tures the reducing agents can be various additives as well as phenols and other compounds generally employed for 
stabilization of polymers. Judging by the behavior with ditert.-butylhydroquinone, it appears that in presence of 
hydrocarbon-soluble salts of iron, phenols are not stable but accelerate the development of the oxidative process. 
At higher temperatures the reducing agent is the polymer chain itself, and in these cases the process of reduction 
leads to formation of radicals which initiate the process of structure formation of the polymer or the polymeriza- 
tion of monomers [14]: 


° 


100 
~ CH, —CH = CH -—- CH, ~ + Fe*+ ——-— ~ (CH -- CH = Cll -- CH, ~ + Fe*+ + Ht. 


The present investigation has shown that under suitable conditions diverse oxidation-reduction systems in 
hydrocarbon media at low temperatures can initiate chain oxidation processes. In view of the fact that the steps 
of formation of the initial active centers usually govern the kinetics of the oxidation of different compounds, it 
is possible in principle to employ oxidation-reduction systems for initiation of diverse oxidation processes at low 
temperatures. 


EXPERIMENTAL 


Evaluation of the action of oxidation-reduction systems on rubber solutions was effected on the basis of 
measurement of viscosity. Experiments were run inampoule-viscometersin an oxygen medium. The capillary 
was 2 mm in diameter and 50 mm long. Studies were made on technical SKV butadiene rubber and SKS-30 
butadiene-styrene rubber containing Neozone D (phenyl- 8 -naphthylamine), In some cases measurements were 
made on SKV butadiene rubber not containing Neozone D. The concentration of the rubber in solution was 6-8% 
(average time of efflux 5-8 min), Rubber solution containing the required quantity of ferric naphthenate was 
charged into the viscometer which was filled with oxygen and joined to a gas buret containing oxygen. The vis- 
cometer was placed in a thermostat and continuously shaken, After measurement of the initial time of efflux, 
the reducing agent was introduced into the ampoule-viscometer, The concentration of reducing agent in the 
solution was 0.028 mole/liter; the concentration of ferric naphthenate was 5-20% mole% in relation to the re- 
ducing agent. 


Formation of hydrogen peroxide during the oxidation of the reducing agents was studied by passing a stream 
of oxygen through its solution in ethylbenzene placed in a vessel fitted with a sintered porous plate, The resultant 
hydrogen peroxide was continuously washed out with water and titrated with permanganate solution. 
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SUMMARY 
1. A study was made of the mechanism of the action of various oxidation-reduction systems containing 2 
organic reducing agents, salts of iron, and oxygen; it was shown that in hydrocarbon media they are active sources 
of free radicals at low temperatures, 
2. The possibility of employing such systems for initiation of a chain process of oxidative destruction of 7 
7 unsaturated and some saturated polymers at low temperatures was demonstrated. 
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BRIE F COMMUNICATIONS 


a SELECTIVE REDUCTION OF POLYHALOMETHANES BY MEANS OF 


SODIUM BOROHYDRIDE 


M. M. Nad and K. A. Kocheshkov 


According to Gaylord [1] sodium borohydride does not possess reducing action toward alkyl halides. As we 
were able to show, however, in the present work, polyhalomethanes are reduced with this gent, and the reaction 
is a selective one in dependence upon the nature of the halogen. 


Dibeler [2] used LiAlH, for reducing such halogenated compounds as CCl, CHCl,, CHBr3, CH Brg, and CHgly, 
and in spite of the mild conditions (temperature of —80 to +60°) he only found methane in the products of reac- 
tion. By contrast our reduction of polyhalomethanes with the aid of sodium borohydride proceeds in the following 
manner: carbon tetrabromide is smoothly transformed into bromoform (yield 74%) in an aqueous methanol medium 
at 25-55°. Under the experimental conditions, however, bromoform is not reduced to methylene bromide, On the 
other hand, under similar conditions we can reduce iodoform to methylene iodide (but not to methyl iodide), It 
is interesting to note that this type of selectivity is not manifested when sodium arsenite is employed as the reduc- 
ing agent. We were previously able to show [3] that the reduction of bromoform to methylene bromide proceeds 
in full analogy with the reduction of iodoform to methylene iodide [4], 


EXPERIMENTAL 


Carbon tetrabromide and sodium borohydride. To 16.6 g (0,05 mole) of carbon tetrabromide, dissolved in 
50 ml of methanol, was added in excess a solution of 2 g of sodium borohydride (80-85% preparation) in 15 ml 
of water with addition of 2 ml of 2N sodium hydroxide. Addition was made dropwise over a period of 20-25 min 
with good mechanical stirring (mercury seal and reflux condenser), The temperature of the reaction mixture rose 
quickly to 50°. A further quantity of NaBH, was added with cooling (temperature not above 50°), During the reac- 
tion the gas evolved (mainly hydrogen with some volatile boron hydrides) was collected in a Tishchenko flask con- 
nected to the system, The reaction mixture was stirred for another hour (until a test for sodium borohydride was 
negative); the contents of the flask were stirred into 150 ml of 10% sodium hydroxide solution cooled to 0°, The 
resultant heavy and pale-yellow oil was collected; the alkali solution was extracted with ether and the ether ex- 
tract added to the oil which was then washed twice with iced water and dried over calcium chloride. The ether 
was taken off and the residue was distilled; b. p. 150-151°; according to the literature bromoform boils at 150.5°; 
yield 74% of the theoretical (on the carbon tetrabromide), 


lodoform and sodium borohydride, The same apparatus was used, To 39.4 g (0.1 mole) of iodoform suspen- 
ded in 100 ml of methanol was added 3.8 g (excess) of sodium borohydride in 35 ml of water together with 5 ml 
of 2N sodium hydroxide. Addition was made dropwise over a period of 25 min with good mechanical stirring. The 
temperature of the reaction mixture rose to 55°, The iodoform was gradually converted into a heavy, yellowish 
oil. Gas was separated in the usual manner through a Tishchenko flask. To the reaction mixture was added a 
further 0.3 g of borohydride in 4 ml of water together with 1 m1 of 2N sodium hydroxide solution, and the process 
was completed by stirring the mixture for a further 1.5 hour, The product was worked up as described above, and 
22.8 g of substance was obtained with b, p. 64-66°(11 mm); according to the literature methylene iodide boils 
at 66-70° (11-12 mm). Yield 85% of theory (calculated on the iodoform). 
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SUMMARY 


1, It was shown for the first time that sodium borohydride has a reducing action on alkyl! halides (polyhalo- 
methanes), and selectivity of the reduction was observed. 


2, Carbon tetrabromide was converted into bromoform (yield 74%) and todoform into methylene todide 
(yield 85%); a subsequent stage of reduction in both cases was not observed under the experimental conditions, 
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ORGANOBORON COMPOUNDS 
i COMMUNIC ATION 20, N-SUBSTITUTED PHENY LDIAMINOBORONS AND B-PHENYLBORAZOLES | 
a V.M. Mikhailov and P. M. Aronovich 
a N-Substituted phenyldiaminoborons (I) were obtained by reaction between phenylboron dichloride and ethyl- ; 
amine, aniline or, diethylamine: 
q 
C,H; BCI, + 4NHRR’ = 2NHRR’- HCI. 
(I) 
ws Reaction of phenylboron dichloride with ethylamine gives, apart from phenyldi(ethylamino)boron (1, R = H; ; 
a R' = C3Hs), B-triphenyl-N-triethylborazole (II), The latter is evidently formed by cleavage of a molecule of ethyl- 
eo amine from phenyldi(ethylamino)boron. Actually, ethylamine is released and the borazole derivative is formed 4 
i. when the diamine is heated; 7 
q NHC,H, C,H, — B B — C,H, 
4 / 


1) 


Reaction of phenylboron dichloride with aniline gave only phenyldi(phenylamino)boron (I, R = H; R} = CgHs). 
When heated at 260-270° the latter similarly loses aniline and is converted into the corresponding borazole deri- 
vative — hexaphenylborazole (III): 


B 
C,H; —N N — C,H; 
NHC,H, —- B 
C,H, 


(IIT) 
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B-Triphenyl-N-triethylborazole and hexaphenylborazole are the first representatives of borazoles with aro- 
matic substituents at the boron atom, Of the borazole derivatives with phenyl radicals at the nitrogen atoms, 
B-trichloro-N-triphenylborazole is known; it has been obtained by the action of aniline on BC], [1]. 


EX PERIMENTAL 


Action of ethylamine on phenylboron dichloride. Phenyldi(ethylamino)boron (I, R = H; R' = CgHe) and B-tri- 
phenyl-N-triethylborazole (Il), To a solution of 41,4 g (0.92 mole) of ethylamine in 60 ml of benzene, cooled 
to —30°, was added with energetic stirring in the course of 20 min a mixture of 31,8 g (0.2 mole) of phenylboron 
dichloride (prepared from phenylboric ester and PCls [2]) and 30 ml of benzene, During the addition of the phenyl- 
boron dichloride, the temperature of the reaction mass was held at —30 to—20°, The mixture was allowed to heat 
up to room temperature and thereupon stirred for 2 hrs, The precipitated ethylamine hydrochloride was filtered 
off, washed with benzene and dried; yield 28 g (0.34 mole) of C,H;NH,° HCl. 


The benzene was driven off from the filtrate, the white precipitate was filtered off, washed with 10 ml of 
{sopentane and dried. The product (3.5 g) was B-triphenyl-N-triethylborazole (II); m. p. 200-203°, The filtrate 
was distilled to give phenyldi(ethylamino)boron in the form of a colorless liquid with b. p. 97-98° (3 mm); a? 
0.924; nf} 1.5120. The yield of diamine was 11.6 g or 33% of the theoretical. 


Found %: C 68.06; H 9.67; N 15.50; B 5.95. Calculated %: C 68.21; H 9.73; N 15.91; 
B 6.15. 


Phenyldi(ethylamino)boron is rapidly hydrolyzed by water at room temperature to form phenylboric acid 
and ethylamine; it is readily oxidized by atmospheric oxygen. 


The distillation flask contained 7,8 g of a dark, viscous residue after the diamine had been distilled off, 
This residue was dissolved by heating in 15 ml of a mixture of benzene and ligroine (1:1); the precipitate obtained 
on cooling was filtered off and washed with 20 ml of ligroine to give 3.3 g of B-triphenyl-N-triethylborazole; 
m. p. 157-168°, Two crystallizations of the precipitate from benzene-ligroine mixture gave 2 g of substance 
with m. p. 198-201°, The total yield of B-triphenyl-N-triethylborazole was thus 5.5 g or 21% of the theoretical. 
After two further recrystallizations the compound melted at 205-207", 


Found %: C 73.64; H 7.85; N 10.94; B 7.93; M 381. CggHg9N3B;. Calculated %: C 73.35; H 7.69; 
N 10.69; B 8.26; M 393. 


B-Triphenyl-N-triethylborazole is stable in the air; it is slowly oxidized on boiling with alkaline hydrogen 
peroxide. 


Thermal conversion of phenyldi(ethylamino)boron into B-triphenyl-N-triethylborazole, 3.5 g (0.02 mole) 
of phenyldi(ethylamino)boron, prepared in the preceding experiment, was heated at 190-210° for 2 hrs. Brisk 
evolution of diethylamine occurred at the start and gradually slowed down. Crystallization of the mass from a 
mixture of benzene with ligroine gave B-triphenyl-N-triethylborazole with m, p. 202-205° in quantity of 0.45 g, 


or 17,3%of the theoretical; a mixture with B-triphenyl-N-triethylborazole obtained in the preceding experiment 
melted at 202-206°, 


Action of aniline on phenylboron dichloride, Phenyldi(phenylamino)boron (I, R = H; R' = CH, To a stirred 
mixture of 29,5 ml (0.32 mole) of aniline and 30 ml of benzene, cooled to 5°, was added a mixture of 12.7 g 

(0.08 mole) of phenylboron dichloride and 15 ml of benzene in the course of 30 min at temperature not exceeding 
25°. The reaction was stirred for 2 hrs at room temperature and filtered; the precipitate was washed with benzene. 
The quantity of aniline hydrochloride was 20.6 g (0.159 mole). The benzene was distilled off from the filtrate in 
vacuo. The residue was a light-yellow, thick syrup which crystallized when triturated in isopentane. The yield 

of unpurified phenyldi(phenylamino)boron was 11.9 g or 54.7% of the theoretical, Two crystallizations from hexane — 


isopentane (4:1) gave the diamine in the form of elongated, hexagonal plates with m, p. 83.5-85.5° (in a sealed 
capillary). 


Found %: C 78.46; H 6.28; N 10,12; B 3.80; CygHyN»B. Calculated %? C 79.44; H 6.30; N 10,29; 
B 3.98. 


1147 
A 


The diamine is easily hydrolyzed by cold water and is oxidized in the air, 


Thermal conversion of phenyldi(phenylamino)boron into hexaphenylborazole (II), 6.8 g (0.025 mole) of 
phenyldi(phenylamino)boron was heated for 1.5 hr at 260-270°; 0.67 g of aniline came off during the process, 
corresponding to 29% of the theoretically possible quantity, The products of pyrolysis of the diamine, which solidi- 
fied on cooling to give a dark, vitreous mass, were heated with 10 ml of benzene for 1-2 hrs on a boiling water 
bath; a light precipitate came down, The latter was filtered and washed with benzene, The amount of hexa- 
phenylborazole obtained in this manner was 1.42 g or 31.7% of the theoretical. Crystallization from 150 ml of 
benzene gave fine, colorless needles melting at above 360°. 


Found %: C 80.81; H 5.81; N 7.71; B 5.41. CggHggN3B;. Calculated %; C 80.50; H 5.63; N 7.82; 
B 6,04; 


Hexaphenylborazole is stable in the air. 


Action of diethylamine on phenylboron dichloride, Phenyldi(diethylamino)boron (I, R = R' = C,H;), Toa 
solution of 21 m1 (0.204 mole) of diethylamine in 50 ml of ether was added (with stirring) a mixture of 7.95 g 
(0.05 mole) of phenylboron dichloride and 8 ml of ether at —70 to — 60° in the course of 15 min, The suspension 
was allowed to heat up to room temperature, stirred for 15 minutes and filtered. After washing with ether and 
drying, the precipitate of diethylamine hydrochloride weighed 8.1 g (0.074 mole). The solvent was driven off 
from the filtrate and the residue (8.5 g) was distilled in a small column. Phenyldi(diethylamino)boron came over 
at 70-72° (0.2 mm) on redistillation; the yield was 1.64 g or 14.1% of theory. 


ate 


Found %: C 71,18; H 10.75; N 11.30; B 4.82. CyHgsNgB. Calculated %: C 72.41; H 10.85; N 12.07; 
B 4,66. 


The whole of the work with the diamines was conducted in a nitrogen atmosphere. 


SUMMARY 


1. The action of ethylamine, aniline or diethylamine on phenylboron dichloride leads to formation of N- 
substituted phenyldiaminoborons, 


2, Heating of phenyldi(ethylamino)boron converts it into B-triphenyl-N-triethylborazole, 


3. Heating of phenyldi(phenylamino)boron converts it into hexaphenylborazole. 
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ORGANOBORON COMPOUNDS 


COMMUNICATION 21. 


NEW METHODS OF SYNTHESIS OF BORAZOLE DERIVATIVES 


B. M. Mikhailov and T. V. Kostroma 


The chief method of preparation of borazole and its homologs consists in heating of ammoniates or amine 
salts of diborane, alkylboranes or trialkylborons at 200-450°, This method was employed for the preparation for 
the first time of borazole [1] and subsequently of its B-alkyl and N-alkyl derivatives (see the review articles [2, 3]). 
Borazoles are also obtained by the action of lithium borohydride on methylammonium chloride [4] or ammonium 
chloride [5]; B-trichloroborazole has been prepared from boron trichloride and ammonium chloride [6]. Reaction 
of aniline with BCl, gave B-trichloro-N-triphenylborazole [7]. 


We have found that on passing ammonia into an ethereal solution of esters of aryl chloroboric acids, B-tri- 
ary lborazoles (I) and esters of arylboric acids are formed; the reaction goes according to the equation: 


Cl 


6ArBo =+9NH = | | +43ArB(OR), + 6NH,CI, 
N N 


where Ar = CgHs, n = CHg*CgHy, a = CyoHy. 


B-Triphenylborazole, B-tri-p-tolylborazole and B-tri-a-naphthylborazole were obtained by this route in 
yields of 83-86.5% calculated on Eq. (1). The mechanism of the reaction consists in initial formation of the ester 
of the B-aminoarylboric acid (II) which symmetrizes to the unstable aryldiaminoboron (III) which then splits off 
ammonia to give the B-triarylborazole: 


Cl NH, NH, 
/ 
\ 


OR OR NH, 
(11) (111) 


J B- Triphenylborazole is likewise obtained by passing ammonia into boiling benzene solution of phenylboron dichloride; : ‘ 
yield 96%, 
2% Esters of B-ethylaminoarylboric acids:differ from esters of B-aminoarylboric acids (II) in being thermally < 
af more stable; the former can be distilled [8]. On heating for several hours at 270-300°, however, they also undergo Me 
a symmetrization with formation of the ester of the arylboric acid and aryl-di-(ethylamino)boron; the latter then hi 
= loses ethylamine to form the B-triaryl-N-triethylborazole (IV): f 


4 
er 
H 
Ar N Ar 
H B H 
| 
Ar (I) 
4 
ve 
* 
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ArB 27°” ArB (OR)s + — 


where Ar = Ggll;, 


By this method B-triphenyl-N-triethylborazole was synthesized from the ester of B-ethylaminophenylboric 
acid in 72.6% yield, and B-trinaphthyl-N-triethylborazole was synthesized from the ester of B-ethylamino- a- 
naphthylboric acid in 46.5 % yield. 


EX PERIMENTAL 


1, Isobutyl Ester of p-Tolylchloroboric Acid 


The experimental procedure was as described in an earlier paper [9], using 58 g (0.27 mole) of isobutyl 


p-tolylborate and 48.6 g of PCls. 45 g of isobutyl p-tolylchloroborate was obtained with b. p. 113-115° (8 mm) 
(87.3% of the theoretical); nf 1.5017; d%° 0.9919. 


Found %: B 5.29; C1l17.1. CyyHygBOCl. Calculated %: B 5.22; C1 16.8, 


B- Triphenylborazole (1) Ar = 


a) A stream of dry ammonia was passed for an hour into a solution of 17.3 g (0.088 mole) of isobutyl pheny!- 
chloroborate [9] in 30 ml of ether. Ammonium chloride (5.8 g ) separated out with progressive introduction of the 
ammonia and was filtered off at the end of the reaction. After the solvent had been driven off, the residue was 
a mixture of liquid and crystals, The crystals of B-triphenylborazole were filtered off (2.85 g; m. p. 180-182"); 
the filtrate was distilled in vacuo to give 7.9 g (79% of the theoretical) of isobutyl phenylborate with b. p. 124- 
125°(9 mm). The residue from the latter was washed with isopentane to give a further 1 g of B-triphenylborazole 
with m. p. 178-180°; total yield 86.5% of the theoretical. After recrystallization from a mixture of benzene and 
isopentane the compound had m. p. 181-182.5° (in sealed capillary). 


Found %: C 70.27; H 6.08; B 8.80; N 13.38; M 313. CygHygB,N3. Calculated %: C 69.94; H 5.87; 
B 8.51; N 13.60; M 308.8. 


b) Ammonia was passed for 30 min at room temperature and 30 min with heating to 80° into a benzene 
solution of 6.6 g (0.0415 mole) of phenylboron dichloride [10]. The precipitated NH,Cl was filtered off (4.4 g). 

The filtrate, after removal of the benzene by distillation, gave 4.1 g of B-triphenylborazole with m. p. 180-182% 
yield 96% of the theoretical. 


3. B-Tri-p-tolylborazole (I) Ar = p-CH3=C,H,g 


The experimental procedure was similar to that described (see preparation of triphenylborazole). 10 g 
(0.047 mole) of isobutyl p-tolylchloroborate was taken, and the products were 4.7 g of isobutyl p-tolylborate with 
b. p. 172-173° (16 mm) (yield 79.7%) and 2.3 g of B-tri-p-tolylborazole with m,. p. 185-187° (yield 83% of the 
theoretical), After recrystallization from a mixture of benzene and isopentane the substance had m. p. 189-190° 
in a sealed capillary. 


| 
| 
Ar Ar 
B B 
N N 
CoH; 
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Found %: C 71.90; H 6.85; B 9.26; N 11.57; M 359.5. CoyHBsN3. Calculated %: C 71.90; H 6.85; 
B 8.97; N 11.90; M 350.9, 


4. B- Tri- a-naphthylborazole (1) Ar = 


Ammonia was passed for an hour into an ethereal solution of 19 g (0,077 mole) of isobutyl-«-naphthylchloro- 
borate [10]. 4.7 g of NH,Cl was obtained. The solvent was distilled off from the filtrate and the residue was 
distilled in vacuo to give 7.3 g of isobutyl a-naphthylborate with b. p. 172-174° (8 mm); yield 84.2% of the 
theoretical. The distillation residue was washed with isopentane. 5 g of B-tri- a-naphthylborazole (84.9 % of 


the theoretical) was obtained with m. p. 179-181°, After recrystallization it melted at 185-187° in a sealed 
capillary, 


Found %: C78.33; H 5.44; B 6.61; N 9.03; M 449.8. Cg9Hg4B,N,. Calculated %: C 78.52; H 5.23; 
B 7.07; N 9.16; M 458.9. 


5. B-Triphenyl-N-triethylborazole (IV) Ar = CgHs 


15 g (0.33 mole) of ethylamine was added with cooling (—70°) to an ethereal solution of 32 g (0.162 mole) 
of isobutyl phenylchloroborate. After completion of the addition, the reaction mixture was stirred for an hour, 
13.2 g of ethylamine hydrochloride with m, p, 107-110° was obtained. After removal of the ether, the residue 
was heated at 270° for 3 hrs. The resultant B-triphenyl-N-triethylborazole was filtered off (6.26 g; m. p. 202- 
205°); the filtrate was distilled in vacuo to give 12.7 g of isobutyl phenylborate with b, p, 127-128° (11 mm); 
yield 79%. The distillation residue was washed with isopentane to give a further 1.1 g of borazole derivative with 


m. p. 201-205°; total yield 72.6% of the theoretical, After recrystallization it had m. p, 205-206° in a sealed 
capillary, 


Found %: C 73.31; H 7.64; B 8.12; N 10.55. CygHg9B3N,. Calculated %: C 73.37; H 7.69; B 8.26; 
N 10.69. 


6. B-Tri-a-naphthyl-N-triethylborazole (IV) Ar = a-CygHy 


The experiment was performed with 11 g (0.044 mole) of isobutyl a-naphthylchloroboric acid and 4 g 
(0.088 mole) of ethylamine, using the procedure described above. The residue after distillation of the ether was 
heated at 300-305° to give 3.4 g of isobutyl a-naphthylborate with b. p. 174-175° (11 mm) (yield 53%) and 1.8g 


B-tri-a-naphthyl-N-triethylborazole with m. p. 259-267° (46.5% of the theoretical), After recrystallization the 
latter had m, p, 269-271°. 


Found %: C 179,85; H 6.75; B 6.21; N 7.98; M 534,9,CggH3.B,N,;. Calculated %: C 79.60; H 6.68; 
B 5.97; N 7.73; M 543.1. 


= 


SUMMARY 


1. Esters of arylchloroboric acids are converted by the action of ammonia into B-triarylborazoles and esters 
of arylboric acids. 


2. Ammonia acts on phenylboron dichloride to give B-triphenylborazole, 

3. Heating at 270-300° converts esters of B-ethylaminoarylboric acids into B-triaryl-N-trialkylborazoles 
and esters of arylboric acids. 
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INVESTIGATIONS OF ALKOXYSILANES 


9, B-FLUOROET HOXYSILANES* 


M. G. Voronkov and B. N. Dolgov 


B -Chloroalkoxysilanes are an extensively studied class of organosilicon compounds. The simplest and most 
convenient method of their synthesis is the reaction of the corresponding chlorosilanes with a-oxides:** 


Si — Cl +. CH, — Cll -- Si— O— CH(CH,C)HR, 
7 7 
O 


where R = H, alkyl, CH,Cl, etc.*** (Compare, e.g., [2,3]). Ethylene oxide also reacts in the same fashion with bromo- 
silanes [4]. In addition, 8 -chloroalkoxysilanes can be obtained by reaction of 8 -chlorosubstituted alcohols with 
the appropriate chlorosilanes [5-8], alkoxysilanes [9, 10], 8 -chloroalkyl nitrites [11] or silicon sulfide [12]. 


By contrast, 8 -fluoroalkoxysilanes have not been described in the literature. We attempted to prepare them 
by reacting the corresponding fluorosilanes with olefin oxides according to the scheme: 


Ssi + CH, — > Si — O— CH,CH,F, 


but without success. It appears that silicon fluoride does not combine with ethylene oxide or propylene oxide 
(either in a medium of ether or otherwise) at temperatures of —'70 to +30°, but leads to condensation of the oxides, 
i. e., it behaves like hydrogen fluoride under these conditions [13], Both of the components remained unchanged 
after prolonged heating of triethylfluorosilane with propylene oxide in a sealed tube at 100-120°, 


Nevertheless, we succeeded in preparing 8 -fluoroethoxysilanes by other methods. For example, by trans- 
etherification of silicomethyl ether with 6 -fluoroethyl alcohol in presence of traces of SiC, we obtained tetra (8 - 
fluoroethoxy)silane in 70% yield. Similarly by transetherification of triethylmethoxysilane we obtained triethyl] (8 - 
fluoroethoxy)silane in 75% yield, These reactions may be represented by the general scheme; 


Si OCH; + HOCH.CH.F => Si — OCH,CH,F CH,OH. 


We also prepared triethyl (8 -fluoroethoxy)silane in 80% yield by our method [14] of reaction of triethyl- 
silane with 8 -fluoroethyl alcohol according to the scheme: 


— 


* Communication 8, see [1]. 


** We did not succeed in realizing a similar reaction of addition of chlorosilanes to alkylene sulfides. 


*** When R = CH,Cl1 the reaction only goes according to the above scheme. When R = CH; a product of ano- 
malous addition is also formed. 


. 
4 
; 
= 
ax 
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EXPERIMENTAL * 


8 -Fluoroethy! alcohol was prepared by reaction of ethylene chlorohydrin with anhydrous KF in a glycerol 
medium at 180°; it had b, p. 103.5° (765 mm), Ethylene oxide and propylene oxide (b. p. 34.0°) were the com- 
mercially pure preparations which were thoroughly dried. Triethylfluorosilane, prepared by reaction of triethyl- 
chlorosilane with KHF, or NH,HF,, had b. p. 109.5° and ny 1.3902, Triethylsilane, triethylmethoxysilane [14] 

and tetramethoxysilane [15] have been described earlier. Silicon f!uo.ide was prepared by the action of concen- 


trated sulfuric acid on an intimate mixture of anhydrous NagSiF, 2d $:O, and was thoroughly freed of traces of : 
HF. 

Tetra (8 ~fluoroethoxy)silane, To a mixture of 64.1 g (1 mole) of 6 -fluoroethyl alcchol and 38,1 g (0.25 ‘ 
mole) of tetramethoxysilane was added 0.5 ml of SiC, after which the mixture was distilled in a column with ’ 
an efficiency of 10 theoretical plates, In this manner 32.6 g of methyl alcohol and 49.1 g (70%) of tetra (B - A 
fluoroethoxy)silane with b. p. 244-249° were obtained, After redistillation in a column the latter had b, p. 258.0° : 
(766 mm); 1.2750; nf 1.3891. 

Found %: Si 9.68, 10,07; CgHyF,O,Si. Calculated %: Si 10.01. . 


Triethyl-(8 -fluoroethoxy)silane, To a solution of 0.5 g of metallic potassium in 12.8 g (0.2 mole) of 
8 -fluoroethyl alcohol was added 11.6 g (0.1 mole) of triethylsilane. The mixture was refluxed for 3 hrs. 2.2 
liters of hydrogen came off. The reaction product was distilled off from the precipitate of alcoholate and re- 
distilled in a column to give 14.8 g (80%) of triethyl-(8 -fluoroethoxy)silane with b, p. 173.5° (764 mm); a? 

0.9062; nf} 1.4129. 


Found %: Si 15.52, 15.59, CgHyFOSi. Calculated %: Si 15.74. 


Triethyl-(6 -fluoroethoxy)silane was also prepared in 75% yield, in similar fashion to the preparation of 
tetra(B -fluoroethoxy)silane, by transetherification of triethylmethoxysilane with 6 -fluoroethyl alcohol. 


SUMMARY 


8 -Fluoroethoxysilanes were prepared and described for the first time, Routes to the synthesis of compounds 
of this type were proposed. 
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THE ENERGY OF BONDING OF A NICKEL CATALYST WITH OXYGEN 


S. L. Kiperman, A. A. Balandin, and O. R. Davydova 


2 Experimental determination of the magnitudes of the energy of bonding of the surface of catalysts with re- 
F acting molecules is of fundamental value for the theory of catalysis. The magnitudes of the energy of bonding 
for different portions of the catalyst surface can be found with the help of the method of chemical adsorption 
; equilibria [1]. This involves study of the equilibrium of the reaction on the surface of the catalyst with partici- 
" a pation of the adsorbed substance X and of substances in the gas phase ( Y) and (XY), for example: 


X(ads) + ¥(gas)= X¥ (gas): (1) 
Equilibrium (1) can be realized with the help of the reaction 


(M]+XY=[M]X+Y (2) 


in the forward or reverse direction. [M ] is an atom of the surface of the catalyst; this may be compared with 
the analogous reaction in which the bulk phase of the catalyst M_ participates: 


M +XY=MX+Y. (3) 
4 Combining the experimental data from Equilibrium (2) with the tabular data for the equilibrium 
X(gas) * (gas) ~ *¥ (gas) 
q we obtain the corresponding magnitudes for the equilibrium: 
IM }+X=[M]X. 


Equilibrium (2) may be complicated by adsorption of other components 
IM]+Y=IM]Y, 


and this must be taken into account. 


By calculating the changes of free energy for Reaction (2) at different coverages of the surface and compar~ 
ing them with the values of the bulk phase reaction (3), we obtain the magnitudes of the excess free energy of the 
surface reaction, Assuming that the change of free energy A(AF’) on transition from the bulk phase reaction to the 


- * e surface reaction is mainly governed by the change of heat content at the different portions of the surface, and not 
). s by the change of entropy, we obtain the magnitudes of. the excess heat content A(AH) for Reactions (2) and (3); 
4 from these, utilizing the tabulated data for the Equilibrium (4), we obtain the magnitudes of AH and AF° for the 
3 surfaction reaction (5). Taking into account the values of the heat of dissociation Dx, of a molecule X2, we cal- 
culate the energy of bonding 
All + (7) 
‘4 


3 
7 
5 
“te 
(6) 


where n is the valence of X. The values of AH can also be obtained without making the assumption mentioned 
if Equilibrium (2) is studied at various temperatures. 


EXPERIMENTAL 


For determination of the energy of bonding Qo-[Ni] we selected in the first instance the reaction 


{NiJO +- Hy <= [Ni] + (8) 


i, e., Reaction (2) from right to left, where M = Ni, X = O, Y = Hg, XY = H,O. The equilibrium was studied in 
a completely sealed apparatus consisting of a quartz vessel with a coil heated by a vertical block furnace whose 
temperature was kept constant to within + 0.5° and was measured with a chromel-alumel thermocouple with the 
help of a PP potentiometer. The vessel was connected to a circulating system comprising an electromagnetic 
glass pump, with the appropriate valves and traps, and a high-vacuum line. Contact of mercury vapor with the 
catalyst was excluded by liquid nitrogen-cooled traps and by a trap containing metallic cadmium. Individual 
parts of the apparatus could be isolated by taps, The absence of an effect by grease vapor was checked in special 
experiments. Apart from the main quantity of catalyst which was charged in at the base of the vessel, 0.2 g of 
the same catalyst in an ampoule was suspended over it in the same vessel on a sensitive tungsten spiral; this 
arrangement enabled the change of weight of the catalyst to be checked with the help of a cathetometer, and 
facilitated the determination of the specific surface at any stage of the experiment. 4.88 g of nickel catalyst 
(calculated as NiO) was charged into the vessel in the form of basic nickel carbonate. The latter was prepared 
according to the method of Francois-Rossetti and Jmelic [2]. The catalyst was decomposed at 300-400° and a pres- 
sure of 10 mm Hg in the course of 7 hrs and was completely converted to NiO. The specific surface, as deter- 
mined after the decomposition by nitrogen adsorption at —195,5°, was 22 m*/g. 


In this series of experiments, oxygen was gradually removed from the catalyst surface by passage of elec- 
trolytic hydrogen (freed of traces of oxygen and other impurities) at.low pressure, and by circulation before estab- 
lishment of the equilibrium corresponding to the given degree of coverage of the surface with oxygen. Attain- 
ment of equilibrium was checked by the constancy of pressure at VT-2, UTV-49 and diaphragm pressure gages, 
and also by freezing out the water formed (after isolating the vessel) and by its repeated recycling over the cata- 
lyst. The quantity of water formed was determined from the change of pressure before and after isolation of the 
vessel and before and after freezing-out; also directly after freezing from the reading of the diaphragm gage, 
as well as by circulation through a sodium mirror or an ampoule containing magnesium perchlorate suspended 
from a sensitive spiral. Comparison of the quantity of water with the loss of hydrogen gave the amount of hydro- 
gen adsorbed. Before the experiments and between individual experiments the catalyst was evacuated to 1078 
mm Hg, and it was not brought into contact with air during the whole of the investigation. Experiments were 
performed at 400° and at 321°, The quantity of oxygen at the surface was calculated as the mean for the 100 
and 110 edges of the cubic lattice of NiO whose constant was 2.08, A [3]. The magnitudes of the change of free 
energy for the reaction Hz + */,0 = H,O were calculated from the general formula of Thompson [4]. It was not 
possible to utilize the expressions reported by the same authors for the reactions 


NiO + H, = Ni + H,0, (9) 
since the formulas are inaccurate for the temperatures of interest to us and give values of PH,0/PH, differing by 
more than one order from those found experimentally in other investigations, For calculation of the free energy 
of this reaction we made use of the data of Bogatsky [5] who studied the equilibrium in question in the range of 
450 to 1000°; we extrapolated his expression for calculation of PH,0/Py, at temperatures of 400 and 321°.* Re- 
sults are presented in Table 1 in which the values of AF° and AH relate to the reaction [Ni] + 11.0. = [Ni]O studied 


with the help of Equilibrium (8); we started from magnitudes of AH of the same reaction (9) for the bulk phase 
equal to —58,800 cal/mole [4, 6]. 


As we see from the table, the Py, o/Pu, equilibrium ratio decreases with increasing removal of oxygen from 
the surface and reaches a value characterizing the bulk phase. Adsorption of hydrogen was found to be slight. In 
* The experimental data on the basis of Equilibrium (9) as given by different authors are not identical, possibly 


due to the difficulty of allowing for the presence of NizO3;. We made use of the data of [5] as being the latest in 
the literature, 


1157 


2 
~4 
4a 


4 


TABLE 1 
Tempera- | Initial Degree of ates 
pe Pio \coverage of of Fe, |@ 
ture in hydrog f s 
surface fre hy in keal inkeal | inkea 


= Hg) _| 


400 1.39 
400 1.00 
400 2.58 
0 


The values in the table were calculated from Eq. (7) using the value Dy, = 118.4 kcal [7]. As we see, the 
region of medium coverages of the surface with oxygen is characterized by the magnitudes of 57,1 to 57.9 kcal 

for Qo-[Ni} The value calculated from the values of AF® for temperatures of 400 and 321° with a degree of 
coverage of the surface of 0.47 (without neglecting the change of entropy on transition from the bulk phase reac- 
tion to the surface reaction) was equal to 57.6 kcal, i. e., extremely close to that given in the table. This demon- 
strates the validity of the assumption made above. 


The magnitudes of Qo. 


1955, p. 484.* 


i] are not very sensitive to change of the degree of coverage of the surface. In 
the preceding paper [8] we obtained values of 54.8 to 57.8 kcal for Qo-[Ni] for metallic nickel catalysts with 

the help of the kinetic method [9]. We can therefore conclude that the value of Qo-(nij does not depend to any 
great extent on the nature of the bulk phase (Ni or NiO), Reaction (8) from right to left was recently studied by 
Gonzalles and Parravano [10] whose paper was published when some -of our experimental work had been completed 
(see [8]); the energy of bonding calculated from the data of these authors for 100-300° was Qo- [Ni] * 57,7-57.9 
kcal, in agreement with our own results, 


*  |with oxygen 


186.0 
112.8 

56.8 
10.0 
60.7 


60 
47 


47 


99 


SUMMARY 


0.19 
0.14 
0.10 
0.10 
0,046 
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43250 
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47400 


55070 
55730 
56650 
58800 
56200 


the first experiments (not included in the table) adsorption was insignificant at the start of removal of oxygen 
at pressures of the order of 107? mm of Hg; in the region of medium coverages of the catalyst surface with oxy- 
gen, the hydrogen adsorption attained not more than 20% of the coverage of the surface free of oxygen. 


The method of chemisorption equilibria was applied to the determination of the energy of bonding of the 


surface of a nickel catalyst with oxygen, Values of 57,1-57.9 kcal were obtained for the region of medium cover- 
ages. 
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_ STUDIES IN THE FIELD OF SYNTHESIS AND TRANSFORMATIONS OF 
OXYGEN-CONTAINING ORGANOSILICON COMPOUNDS 
COMMUNICATION 8. REACTION OF VINYL ETHERS WITH SILANES AND ~~ 


B -SILICON-CONT AINING ALCOHOLS 


I. A. Shikhiev, M. F. Shostakovsky, and N. V. Komarov 


A characteristic feature of vinyl ethers is their ability to combine with various hydroxyl-containing com- 
pounds [1]. In previous investigations we showed that vinyl alkyl ethers react with silicon-containing alcohols 
[24-] and with silanols (5, 6] with formation of silicoacetals according to the scheme: 


OAlk 


CH, CHOAIic + RySi(CH,) CH, — CH 
O(CH,)SiRg, 


where R is a monovalent organic radical and n = 0, 1 and 3, 


Interest was attached to a study of the reaction of vinyl alkyl ethers with 6 -silicon-containing alcohols 
and to the reaction of vinyl aryl ethers with silanols, Reactions were carried out in presence of catalytic quan- 
tities of 30% hydrochloric acid, as typified by the addition of 4-ethyldimethylsilylbuten-1-ol-3 to vinylbutyl 
ether: 


CH, = CHOC,4H, 4+ = CH, CH3 — CH 
H 


O — 
CH = CH, 


and of triethylsilanol to vinyl phenyl ether; 


OCgHs 


CH, = CHOC gH; ++ (CaHs)sSi0H —- CH, — CH 


OSi(CoHs)s 


Addition of the 8 -silicon-containing alcohol to vinyl butyl ether takes place under usual conditions for 
synthesis of silicon-containing acetals [2-6], but the reaction goes more sluggishly with a smaller thermal effect, 
while reaction of vinyl phenyl ether with triethylsilanol does not take place under similar conditions. More drastic 
conditions are necessary for this reaction (heating, etc.), The reaction is also complicated by secondary processes 
of dehydration of the silanol and hydrolysis of the reaction products: 


| | 
| 
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CH, = CHOC,H, + — CH + 


O 


7 
-+- (CgH,5)gSi — O — -+ CHa —C 4+ CgH,OH 


i 
EXPERIMENTAL 


The following starting substances were used for the synthesis of silicon-containing acetals; vinyl butyl ether; 
b. p. 93.8°; n% 1.4016; dj? 0.7792; vinyl phenyl ether: b. p. 155.5°, nf) 1.5224, dj” 0.9770; triethylsilanol: b. p. 
154°, 1.4332, d2° 0.8645; 4-ethyldimethylsilylbuten-1-ol-3; b. p. 75° (9 mm), nf 1.4490, 0.8530. 


Phenyltriethylsilyl Acetal 


24.0 g (0.2 mole) of vinyl phenyl ether and 26.5 g (0.2 mole) of triethylsilanol were charged into a three- 
necked flask (volume 100 ml) equipped with mechanical stirrer, thermometer and reflux condenser. Two drops 
of 30% hydrochloric acid were added with stirring; no heat was developed; no reaction took place. The reac- 
tion mixture was thereupon heated with stirring for 4 hrs at 75-80°. The next day the mixture was neutralized 
with anhydrous potassium carbonate and distilled in vacuo. Two distillations gave 11.3 g of hexaethyldisiloxane, 
1.4 g of phenol and 14.5 g (28.7%) of a substance with b. p. 150-151° (16.5 mm); nv 1.4793; az? 0.9544; found 
Mr 74,15; calculated for CyH SiO, MR 75.57. 


Found %: C 66.19, 66.21; H 9.88, 9.87; Si 11.03, 11.42, CyHySiO,. Calculated %; C 66.61; H 9.58; 
Si 11.12. 
In addition 3,2 g of acetaldehyde was isolated from the trap. 


The analytical data for the 150-151° (16 mm) fraction agree with the formula for phenyltriethylsily! acetal. 


The same apparatus was used. To a mixture of 7 g (0,07 mole) of vinyl butyl ether and 11 g (0.07 mole) 
of 4-ethyldimethylsilylbuten-1-ol-3 was added three drops of 30% hydrochloric acid with stirring. The tempera- 
ture of the reaction mixture gradually rose to 46°; thereupon it was heated at 75° for 30 min and stirred for 10 hrs 
at room temperature, Distillation gave 14.7 g (80.6%) of substance with b. p. 92-93° (3 mm); nd 1.4371, a? 
0.8536; found MR 79.35; calculated for CyH3ggSiO, MR 79.65. 


Found %: C 64,82, 68.89; H 11.44, 11.54; Si 11.34, 11.30. CyHggSiO,. Calculated %: C 65.05; H 11.69; 
Si 10.86. 


The analytical data and the b. p. of 92-93° (3 mm) correspond to n-butyl(1-vinyl-2-dime thy lethylsilyl- 
ethyl)acetal, 


SUMMARY 


1. The interaction of vinyl phenyl ether with triethylsilanol and that of vinyl butyl ether with 4-ethyldi- 
methylsilyl-buten-1-ol-3 were studied, 


2. Phenyltriethylsilyl acetal and n-butyl(1-vinyl-2-dimethylethylsilylethyl) acetal were prepared for the 
first time. 
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HETEROCHAIN POLY AMIDES 
COMMUNICATION 3, KINETICS OF POLYMERIZATION OF € -CAPROLACT AM IN PRESENCE 
4 OF HEXAMETHYLENEDIAMMONIUM ADIPATE 
4 V.M. Kharitonov, T. M. Frunze, and V. V. Korshak 
oe Kinetic investigations of the polymerization of €-caprolactam by a number of workers [1-5] have led 
- to important data for this reaction. These investigations do not, however, adequately clarify the mechanism of 
- growth of the macromolecule during the process of polymerization. With the objective of throwing light on this 
a TABLE 1 
S28 | Sable oligo | x E jentering srmed 
§ 40 215 1.5 15,54 3,24 8510 114.62 152.38 oe 
3.0 19.06 3.25 8650 140.58 183.84 ge 
4.5 22.03 2.53 9090 162.53 202.32 oF 
6.0 23.30 2.09 9530 171.88 204.17 i 
7.5 24,46 2.05 9630 180.40 211.87 4 
9,0 | 25.37 1.82 9960 187.44 212.96 
10.5 25.66 10050 190.00 212.98 
12.0 26.28 1.81 10300 193.85 212.99 4 
40 205 1.5 9.35 9.53 7310 68.98 106.74 ae 
3.0 15,29 6.17 7630 112.75 167.13. of 
4.5 20.19 4.16 8050 148.90 209.28 i 
6.0 22.86 3.38 8590 168.58 222.08 
7.5 24.35 3.08 8750 179.55 232.19 , 
9.0 | 25.44 2.87 8940 187.65 237.38 A 
10.5 | 26.27 2.83 9150 193.74 239.67 a 
12.0 27.06 2.34 9350 199.60 241.959 
205 1.5 12.93 8.98 7540 107.26 161.04 
3.0 23.88 4.51 8290 196.45 267.99 
4.5 28.63 3.64 8710 237.50 308.00 
6.0 31.34 3.05 9020 260.00 326.21 ah 
7.5 33.45 3.04 9200 277.55 341,24 7 
9.0 35.09 3.05 9400 29116 350.49 
10.5 36.13 3.17 9630 299 .97 352.14 
12.0 36 38 2.65 9750 301.82 350.39 
195 3.0 10.43 12.44 7200 84.09 132.14 
4.5 18.47 7.52 7780 153.20 222.83 
6.0 21.18 6.79 8060 175.71 246.69 
7.5 23.20 6.04 8180 192.45 266 . 22 
9.0 24.69 5.40 $230 204 88 281.70 
10.5 | 25.44 5.10 8270) 211.07 288 
12.0 25.90 5.07 8310 214.86 292.58 é 
~ 


6 
6 hours hours 
Fig. 1. Change of yield (g) and molecular weight (M) Fig. 2, Change of yield of polyamide (m,) and of 
of polyamide in course of polymerization of € -capro- amount of monomer entering into reaction (m ,) in 
lactam. 1, 5) g and M, respectively, at 215°, c = 40%; moles; 1,5) mp, and mx, respectively, at 215°, c = 7 
2, 6) g and M, respectively, at 205°, c = 45%; 3, 7) g = 40%; 2,6) mp and m,, respectively, at 205°, c = 
and M, respectively, at 205°, c = 40%; 4, 8) g and M, = 45%; 3,7) mp and mx, respectively, at 205°, c = 
respectively, at 195°, c = 45%(c is the initial concen- = 40%; 4, 8) mp and m,, respectively, at 195°, c = 
tration of monomer). = 45% (c is the initial concentration of monomer). 
TABLE 2 
Initial conc, | Reaction | | 
of caprolactam tempera~ m,,:10-** | K 
ture in 
| 
40 215 212.98 6.71 340 1.05 
40 205 239.55 11.95 410 1.38 2 
45 205 351.04 20.66 350 0.98 
* Mean value after the last 3 hrs of reaction. i 
mechanism, we have undertaken a study of the poly- 2 
merization of €-caprolactam in presence of hexamethyl- . 
enediammonium adipate (AG salt), Polymerization was 
carried out at temperatures of 195, 205 and 215° in tri- pie 
cresol solution at a concentration of the original mono- . 
mer of 40 and 45%, The experimental conditions were im 
the same as in our earlier work on the polycondensation ; 
of diamines with dicarboxylic acids [6]. Results are : 
set forth in Table 1 and plotted in Figs. 1, 2, and 3. 5 
The values listed in columns 7 and 8 of Table 1 : 
are calculated from the formulas; 
-H 
my), —- b and Ny = 
Fig. 3. Change of coefficient of polydispersity (K) of _— > 
lyamide in course of polymerization of € -caprolac- ; 
— if ; cape P where p is the total initial weight of reaction solution 
tam [at a temperature of 215° and an initial concentra- : ; 
p ‘ : after deducting the water of reaction of AG salt;b is 
tion (c) of curve a}, Change of yield of growing 
: be : the weight of the sample in g; My is the molecular 
oligomers of €-caprolactam (g) in course of its poly- > ‘ é 
weight of €-caprolactam; Mp is the molecular weight 
merization at various initial concentrations and tem- th ail ide 
peratures; 1) at 215°, c = 40%; 2) at 205°, c = 45%; ye 
3) at 205°, c = 40%; 4) at 195°, c = 45%, ee ae 7 
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The data show that the quantity of polymer and its molecular weight increase rapidly at the start (Fig. 1). 
With increasing duration of the reaction, the number of moles of polyamide rises rapidly at first but becomes 
constant at a certain level (Fig. 2). We may assume that the increase in number of moles of polyamide in the 
later stages of the reaction takes place at the expense of hydrolysis of macromolecules of polyamide and also of 
caprolactam under the action of the water released during polycondensation of the end groups of the macromo- 
lecules of polyamide, The resultant exchange reactions (acidolysis, aminolysis, amidolysis) lead to a fall in the 
coefficient of polydispersity of the polyamide formed (Fig. 3), as well as to a fall in the amount of water-soluble 
oligomers which are transformed into polymers of higher molecular weight. 
From the expression K = Sie 20 where Mz and M, are the molecular weights of the 
m,(M,—M,) ' 
polyamide, A, and A, are the number of moles of €-caprolactam entering into reaction, and my is the number 
of moles of polyamide, we can easily determine that the value of K will be unity if the whole of the € -capro- 


lactam entering into reaction is consumed in the building-up of the polyamide chain. Values of K calculated 
from the experimental data are given in Table 2, 


On the basis of the data, it was found that the process of polymerization of €-caprolactam proceeds as a 
bimolecular reaction with an activation energy of 24,150 cal/mole. 


SUMMARY 


1. The kinetics of polymerization of €-caprolactam were investigated, and it was shown that the mechanism 
of growth of the macromolecules changes at different stages of the process. 


2. It was shown that the polymerization of €-caprolactam follows a bimolecular course. 
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HETEROCHAIN POLYAMIDES 


COMMUNICATION 4, INVESTIGATION OF KINETICS OF FORMATION OF MIXED POLYAMIDES 


FROM SALTS OF HEXAMETHYLENEDIAMINE 


V.M. Kharitonov, T. M. Frunze, and V. V. Korshak 


The absence of kinetic investigations of the formation of mixed polyamides prompted us to occupy ourselves 
with this problem, and our work was facilitated by our earlier study of the kinetics of polycondensation of hexa- 
methylenediammonium adipate and hexamethylenediammonium azelate, as well as of the polymerization of 
€-caprolactam [1, 2]. We investigated the kinetics of joint polycondensation of hexamethylenediammonium 
adipate with hexamethylenediammonium azelate at a temperature of 205° in tricresol solution under the same 
conditions as previously [1]. Results are presented in the table and in Figs, 1 and 2, 


Carbon content in % 


hours hours 


Fig. 1. Change of yield (g) and of molecular weight Fig. 2. Change of number of moles (m) of polyamide 


(M) of polyamide during joint polycondensation: : _ AzG—2H,0 . 

1, 2) M at c = 10.72 %; AG — 2H,O0 in he process 
3, 4) respectively, g and M at w = 1, c = 16.00%; of joint polycondensation, 1, 2) respectively, Mp and 
5, 6) respectively, g and M at w = 2,c = 16,00%( w= Natw =1,c = 10.72%; 3, 4) respectively, mp and n 
= original AzG /AG molar ratio; c = total concentra- at w = 1, c = 16.00%; 5, 6) respectively, mp and n at 
tion by weight), w = 2, c = 16.00% (w is the initial AzG/AG ratio; 

c¢ is the total concentration by weight). 


We see from the data that increases of the overall initial concentration of starting substances leads to rise 
in the reaction rate just as in our earlier investigations of the polycondensation of one salt [1] (Fig. 1). At the 
same time the change of the initial ratio of starting substances at one and the same overall initial concentration 
has hardly any influence on the reaction rate but leads to formation of polyamides with higher molecular weights 
(Fig. 1). We can therefore conclude that the general regularities pertaining to the influence of the concentration 
on the speed of the process and on the rise of molecular weight in the joint polycondensation of two salts generally 
remain the same as in the case of polycondensation of each of these salts separately. There is, however, an im- 
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TABLE 


Conc. of mono+ puyration | Yield of | |Molecular | Quantity ofc content of 
Serial | mer in solution) of reaction |copolymer |Weight of polymer —| copolymer as 
no, |(moles/100 g tn haee (% of theory)| polymer formed in {| determined by 


of solution) moles , nicroanalysis (%) 


AG 
AzG--().: 


0.75 21.52 109.99 
50 72.40 7670 148.32 64.35 
2.50 S150 167.80 64.89 
3.50 86.54 R550 159 65.21 
4.50 88.96 &800 158.85 (5.62 
5,50 90.35 9100 156.00 | < 
6.50 91.78 5 65.60 


33635 1 00 73.90 7770 
2.00 86.17 S800 64.89 
3.00 87.29 8870 

4.00 91.65 9400 243.27 65.76 
5 00 92.63 9750 237. 65.53 
6.00 93,29 10150 229 65.66 
7.00 93.64 10440 220.4 65.52 


.21875 
4375 


0.75 71.31 7790 229.21 64.63 
1.00 77.70 7970 244.11 _— 

2.00 $7.72 8730 251.59 69.61 
3.00 90,514 9500 238.56 65.94 
4.00 92.10 9800 239.32 65.94 
5.00 92.88 10270 226.46 65.99 
6.00 93.43 10580 221.41 65.99 
7.00 93.50 10930 214.19 66.28 


33635 0.75 68.58 7630 24.25 (4.55 


portant difference between polycondensation of one salt and joint polycondensation of two salts, namely, that 

the composition of the copolymer formed in the latter case in the course of the reaction changes appreciably. 

As we see from Fig. 2, this change is reflected in curves 2, 4 and 6 which show the change of content of radicals 
of azelaic acid in the copolymer composition, As we see, after an hour the copolymer contains mainly radicals 
of adipic acids. With increasing duration of the reaction, the quantity of azelaic acid entering into the composi- 
tion of the copolymer rises continuously and this is accompanied by an incease in the content of carbon; after 

6 hours a state of equilibrium is established in which the polyamide has the same composition as the original 
mixture of monomers. 


The mechanism of this transformation can be understood if we assume that side by side with the direct 
polycondensation of the original monomers there take place some exchange reactions which play an even more 
important part with increasing duration of the process. Since adipic and azelaic acids differ fairly appreciably 
in activity during the process of polycondensation (as is evident from comparison of the energies of activation 
of their salts with hexamethylenediamine which are, respectively, 16,800 and 20,900 cal/mole), their velocities 
of reaction in course of polycondensation will also differ considerably, This difference in velocities has actually 
been observed [1]. In the first stage the polyamide is mainly formed at the expense of adipic acid and to a lesser 
extent with participation of azelaic acid. In the second stage the quantity of azelaic acid entering into the com- 
position of the polyamide steadily increases and finally, after 5-7 hrs, the content of azelaic acid in the poly- 
amide becomes equal to the content in the original reaction mixture, 


Thus the difference in reactivity of the starting substances only plays a part in the first stages of the reaction 
and has no influence whatever on the composition of the end product of this reaction. Evidently the cause of this 
behavior is the predominance, during the early stages of the process, of interaction of the starting salts which leads 
to formation of a polyamide containing mainly radicals of the more active adipic acid. However, after formation 
of an appreciable quantity of polyamide, the exchange transformations come increasingly into play and involve 
reaction between molecules of the polyamide formed and molecules of the original substances present in the reac- 
tion mass, as well as reaction between molecules of polyamides of different compositions. All these reactions 
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lead to continuous leveling-out as between the composition of the polyamide formed and the composition of the 
original mixture, The effect of these exchange reactions (which can be classed under the general heading of 
"polycondensation equilibrium") is that the composition of the macromolecules of polyamide becomes identical 
with that of the remainder of the original reaction mass, The rate of the exchange reactions between the macro- 
molecules of polyamide is sufficiently high, as we and other authors have shown [3-5]. Consequently, our investi- 
gation has provided experimental proof of the earlier hypothesis that in processes of polycondensation, contrary 

to what occurs in processes of radical polymerization, the composition of the copolymer is governed not by the 
kinetics of the process but by the ratio between the starting substances and the conditions of establishment of 
equilibrium. 


SUMMARY 


1, It was established that the first stages of polycondensation of two salts of hexamethylenediamine involve 
formation of polyamides of the salt of the more active adipic acid; only in the later stages of the reaction is an 
equilibrium established at which the compositions of the original reaction mixture and of the polyamide formed 
are identical, 


2. It was shown that in processes of polycondensation the composition of the polymers formed in the final 
stages of the process is governed by the ratio between the starting substances and not by the kinetics of the indi- 
vidual stages of the process. 
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SYNTHESIS AND TRANSFORMATIONS OF UNSATURATED 
ORGANOSILICON COMPOUNDS 


COMMUNICATION 2, SYNTHESIS OF TERTIARY TRIHYDRIC y -SILICON-CONTAINING 


ALCOHOLS OF THE ACETYLENIC SERIES 


I. A. Shikhiev, M. F. Shostakovsky, N. V. Komarov and L. A. Kayutenko 


In our preceding investigations [1-4] we described the method developed for the preparation of new classes 
of organosilicon compounds — monohydric and dihydric tertiary y -silicon-containing alcohols of the acetylenic 
series. We also investigated some transformations of these compounds. Stepwise hydrogenation [2] of tertiary 
y ~silicon-containing alcohols was discovered to be a new route to preparation of tertiary y ~silicon-containing 
alcohols of the ethylenic series and of tertiary y -silicon-containing alcohols of the paraffinic series [2] accord- 


ing to the schemes: 


CH, 


BC wl H, = 


R;SiCH,CH,C — OH 


(1) 


The reaction described, as well as the interaction of these alcohols with vinyl butyl ether: 
OCyHy 
R,SiC == C —C — OH +4- CH, = CH — 0 — CQqHy +> CH; — CH 
= CSiRs 
(II) 


| 
CHs 


with acetic anhydride: 


CHs CH CHs 


| \ | 
R,Si (C == C —C— OH), + O + R,Si[C = C—C — OCOCHs}. 


CHs CH;CO CHs 
(IU) 


=a 
ag 
> 
CH; 
CH CH 
+ 
a 2 p- 
3 
is 
a 
~ 
| 
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and their dehydration 
te R SiG C == C —C = 
| 
CHs 
(IV) 
conclusively confirm the structure of the prepared silicon-containing acetylenic alcohols and demonstrate the a 
validity of our proposed mechanism of the synthesis of y -silicon-containing alcohols. Pee. 
Interaction of mono- and dialkyldichlorosilanes with the mixed alcoholate of dimethylethynylcarbinol- * 


magnesium bromide leads to formation of silico-organic alcohols of the acetylenic series (V-VI): 


CHy Cs=C— MgBr CHs 
Ou R,Si (C ==C t Ou 
R,Sic == C —C — sic) i (C==C-—- Ja 
CHs CHs OMgBr CHs 
(V) (VI) 


and not to silicon-containing acetylenic ethers (VII) as reported by some authors (5): 


CH; C==CMgBr CH; C=CH 

NZ 

= -+- R3SiCl 

CH; OMgBr CH; OSiRs 

(VII) 

4 The method that we developed for the preparation of y~silicon-containing alcohols of the acetylenic 

a series is a general one and perfectly suitable for the analogous preparation of trihydric y -silicon-containing 

“s alcohols of the acetylenic series. 

3: In the present investigation we applied this method to the preparation of trihydric y -silicon-containing 

ag alcohols of the acetylenic series, For this purpose we investigated the reaction of the mixed alcoholate of di- 

;: methylethyny! carbinol-magnesium bromide with trichlorosilane and with methyl- and vinyltrichlorosilanes. 

e: The reaction may be represented by the equation: 

4 CH, C=:C—MgBr CH, 

of RSICI, RSi[{C == C —C— ON ]s 

CH; OMgBr Hs 

(VIII) 

ra It should be noted that the reaction of the mixed alcoholate of dimethylethynyl carbinol-magnesium bromide 

te with alkyltrichlorosilanes goes with considerably greater difficulty than with mono- and dialkyldichlorosilanes. 4 

EXPERIMENTAL 

I, Synthesis of H—Si(C== 
Hy 
a 29 g of magnesium turnings and 600 ml of absolute diethyl ether were placed in a three-necked, round- % - 
A bottomed, 1-liter flask equipped with reflux condenser, mechanical stirrer, thermometer and dropping funnel. a 
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Dropwise addition was made, with cooling and intensive stirring, of 130 g (1.2 mole) of ethyl bromide, The reac- 
tion mixture was heated for 30 min to effect complete solution of the magnesium. With intensive cooling (—10°) 
and vigorous stirring, very slow dropwise addition of 50.4 g (0.64 mole) of dimethylethynyl carbinol was then 
effected, The reaction mixture was stirred at room temperature for 2-3 hrs and left overnight. The next day, 
following stirring for 2-3 hrs, 1 g of CrgCl, and 0.5 g HgCl, were added as catalysts, and 27 g (0.2 mole) of tri- 
chlorosilane was run dropwise into the well-cooled mass, The reaction mixture became viscous. After heating 
for 12-15 hrs on a water bath at 34-35°, a 10% aqueous solution of hydrochloric acid was added until the preci- 
pitate had completely dissolved. The aqueous layer was separated from the ethereal layer and extracted with 
ether, The combined ether layer and ether extracts were washed with water until neutral and dried over NagSO,. 
The ether was then driven off and the residue was left to crystallize, The crystalline product was recrystallized 
from dioxan to give 29.7 g (53.4%) of white crystals with m. p. 163-163.5°, 


Found %: C 64,07, 64.40; H 8,24, 8.32; Si 9.54. Calculated %: C 64,70; H 7.96; Si 10.09. 


| 

Il, Synthesis of CH,Si(C ==C C — ON), 
| 

CH, 


The procedure was similar to that in the previous experiment, Starting substances were 24 g (1 g-atom) 
of magnesium, 109 g of ethyl bromide (1 mole), 42 g of dimethylethynyl carbinol (0.5 mole) and 25 g of methyl- 
trichlorosilane C/¢ mole), The product of synthesis (weight 46 g) melted at 214° after three recrystallizations 

from dioxan ; yield 92% of the theoretical. 


Found %: C 65.60; H 8.59; Si 9.34, CygHySiO;. Calculated %: C 65,70; H 8.27; Si 9.60. 


CH, 


| 
Ill, Synthesis of CH, = CHSi(C == C--C— ON), 
CH; 


The apparatus was the same as for II. Starting substances were 29 g of magnesium turnings (1.2 g-atom), 
130 g (1.2 mole) of ethyl bromide, 50.4 g (0.6 mole ) of dimethylethynyl carbinol, and 32 g (0.2 mole) of vinyl- 
trichlorosilane, The synthesis gave 40.0 g of a white crystalline substance with m, p, 172,5-173° (from dioxan } 
yield 65.7%, 


Found % Si 9,24, 9.18, CyH»,SiO; Calculated %: Si 9.22. 
SUMMARY 
- 1. The interaction of trichlorosilane, methyltrichlorosilane and vinyltrichlorosilane with the mixed alco- af 
7 4 holate of dimethylethynyl carbinol-magnesium bromide was investigated. The reactions yielded three repre- 
a sentatives of a new class of organosilicon compounds — trihydric tertiary y-silicon-containing alcohols of the 
a acetylenic series, 
| a 2. A method of preparation of trihydric tertiary y -silicon-containing acetylenic alcohols was developed ; 
7 on the basis of the reaction of alkyltrichlorosilanes with dimethylethynyl carbinol-magnesium bromide. ; 
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STUDIES IN THE FIELD OF LOW-MOLECULAR POLYMERIZATION 


COMMUNICATION 4, THE SYNTHESIS OF NEW HYDROXY ALKANES 


M. F. Shostakovsky, A. V. Bogdanova, and G. K. Krasilnikova 


The earlier investigation of the reaction of vinyl ethers with acetals [1, 3] had revealed the possibility of 
preparing polyhydroxy- and polyphenoxyalkanes of the general formula; 


CH, — CH (OR) — [CH, — Cl (OR)],, —- CH, — CH OR’), 


where R and R" are Alk and Ar, and n may be 1 to 5, Hydroxyalkanes can be regarded as low-molecular poly- 
mers of vinyl ethers with terminal acetal or alkoxy groups. The terminal groups in the chains of polymers of 
vinyl ethers can also be the chlorine atom or the CCl; group [4, 5]. On this basis the problem of the study of 
the hydroxyalkanes is fundamentally associated wit: the study of the nature of polyvinyl alkyl and polyvinyl 
aryl ethers. Introduction of various vinyl ethers and acetals into the reaction permits the preparation of low- 
molecular polymeric products containing new terminal groups, Vinyl ethers which have already been reacted 
with acetals of acetaldehyde are vinylethyl, vinylbutyl, and vinylphenyl ethers [1-3]. 


In the present communication we describe the synthesis of hydroxyalkanes on the basis of symmetrical 
acetals of acetaldehydes and vinyl cyclohexyl, vinyl phenyl, ethynylvinyl butyl and ethynylvinyl cyclohexyl 
ethers. A variety of ethynylvinyl alkyl ethers can be prepared from diacetylene and alcohols by the method 
previously described [6]. The reaction goes according to the equation: 


CH =C—C = CH + ROH CH = C—CH = CH — OR, 


Application of ethynylvinyl ethers to the reaction with acetals led to the preparation of an interesting series of 
com pounds — hydroxyalkanes containing a triple bond — and afforded the possibility of evaluation of the effect 
of conjugation on the reaction course. 


The reaction between vinyl ethers and acetals can proceed in two directions (A and B), probably in de- 
pendence on the properties of the starting compounds: 


OR" — CH (OR’) — CH, — CH(OR")(OR”):.. & 
RCH — CH — OR’ + CH, — CU 


OR” — CH (OR") — CHR — CH (OR’) (OR”) ... B 


According to scheme A, a hydrogen atom of the methyl group migrates to the 6 -carbon atom of the vinyl 
ether. In scheme B the reaction is associated with migration of one of the alkoxy groups of the acetal to the a- 
carbon atom of the vinyl ether, It was earlier shown [1] that reaction of vinyl phenyl ether with dibutyl acetal 

gave dibutoxy phenoxybutane, which on hydrolysis led to 3-phenoxybutanal (Eq. 1): 


Cy CH — OCgHs + CHy — CU — CH (OCgH5) — CH, — CH (OC 


H.0 


— CIT — CH, — CHO 2C,11,011 (1) 


2: 
4 
4 
3 
a 
a 
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In the light of this equation the preferred route appears to be represented by scheme A. This reaction gave pro- 
ducts of equimolar addition of vinyl ether to acetal, On the basis of scheme A these products may be formulated 
as (OR") (OR™), where R' = CgHyy; R” and R™ = (II); and R" = R™ = 

= C4Hg (III). In addition, vinylcyclohexyl ether also yielded dibutoxytricyclohexoxyoctane (IV), containing two 
molecules of vinylcyclohexyl ether per molecule of acetal, The fact that vinylcyclohexyl ether was the only 


one of the three ethers investigated to give such a product indicates the greater activity of the cyclohexyl ether 
in this reaction.. 


Compounds synthesized from ethynylvinylbutyl ether and acetals according to scheme A may be formu- 
lated as; CH wnere R and = CgHy (V); R = CgHg; R* = CgHs (VI); R = 
= CgHyy; = (VII). 
EX PERIMENTAL 
1, Reaction of Vinylcyclohexyl Ether with Dibutyl Acetal 


The experimental conditions were as described previously [1]. Starting substances were 69 g (0.4 mole) 
of dibutyl acetal, 25.5 g (0.2 mole) of vinylcyclohexyl ether and 0,1 ml of 25% solution of boron fluoride ether- 
ate in diethyl ether, Heating was carried out at 125-130° and a mixture was obtained from which (after distilla- 
tion of unreacted substances (54 g) the following fractionswere obtained: 


Fraction I, 85-114° (5 mm), 11.5 g; Fraction II, 114-130° (5 mm), 7.2 g; Fraction III, 130-152° (3 mm), 
4,1 g; Fraction IV, 167-197° (2 mm), 13.0 g; Residue 1.3 g. 


Redistillation gave the following products: butylcyclohexyl acetal (9 g), b. p. 89° (5 mm); nb 1.4410, 
0.8933, The literature reports [7]: b. p. 125° (26 mm); 1.4415, df? 0.8957. 
Tributoxybutane: p. 119-120° (4 mm) (4.1 g); 1.4303, 0.8670. 
Dibutyoxycyclohexoxybutane (II) (4.1 g); b. p. 131-132° (3 mm), nh 1.4410, azo 0.9069; found MR 87,50, 
calculated for CygHg0, MR 87.35, 
Found %: C 72.40, 72.30; H 11.90, 12.00. Cy4gH3.0,. Calculated %: C 71.97; H 12,08. 


Dibutoxytricyclohexoxyoctane (IV) (7.2 g); b. p. 204-205° (3 mm); 1.4650; 0.9428; found MR 
162.00; calculated for C4HgO; MR 160,83. 

Found %:; C 73.57, 73,66; H 11.61, 11.706. CyHgOs. Calculated %: C 73.86; H 11.67. 
Found 543.6, 546.6. CyHgOs. Calculated M: 552.89, 


2. Reaction of Vinylphenyl Ether with ButylphenylAcetal 


Conditions were as in the preceding experiment. Starting substances were 12 g (0.1 mole) of vinylpheny] 
ether and 19,4 g (0.1 mole) of butylphenyl acetal, The mixture was heated at 70° and gave 17.0 g (55% of the 


theoretical) of 1-butoxy-1, 3-diphenoxybutane (III); b. p. 158° (1 mm); nh 1.51175; 2° 1.0232; found MR 93.05; 
calculated for MR 92,29. 


Found %: C 76,27, 76,47; H 8.31, 8.30. CogH,0,. Calculated %: C 76.40; H 8.34, 


Attempts to carry out the reaction of vinylphenyl ether and vinylbutyl ether with diphenyl acetal led to 
resinification and polymerization of the products. 


3. Reaction of Ethynylvinylbutyl Ether with Dibutyl Acetal 


11.5 g (0.1 mole) of ethynylvinylbutyl ether and 35 g (0.2 mole) of dibutyl acetal were heated with a few 
drops of boron fluoride etherate at 130-140° while stirring for 3 hrs. After neutralization of the catalyst with 
sodium bicarbonate, the mixture was fractionated in vacuo: 


= 
| 
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Fraction I, 61-69° (9 mm), 38 g, mixture of starting substances; Fraction II, 63-76° (3 mm), 1.3 g; 
Fraction III, 110-152° (3 mm), 2.0 g; Residue 2.05 g. 


Redistillation of the fractions gave 1,1,3-tributoxyhexyne-5 (V); b. p. 134-135,5° (3.5 mm); nB 1.4530; 
a? 0.9087; found MR 88.78; calculated for CygH yO, F MR 87,25. 


Found % C 72,18, 72.36; H 11.02, 11.22, CygHyO3. Calculated %: C 72.43; H 11.42, 


The yield of tributoxyhexyne was 40% of the theoretical (on the ether entering into reaction). 


A similar procedure was employed for the preparation of diethoxybutoxyhexyne (VI) from diethyl acetal 
and ethynylvinylbutyl ether; b. p. 96.5° (4 mm); np 1.4520; a? 0.9233; found MR 70,70; calculated for 
CyHs03 F MR 69.78; yield 24.3% of the theoretical. 


Found %: C 69.56, 69.45; H 11,38, 11.14. CyH03. Calculated %: C 69.41; H 10.81. 


From ethynylvinylcyclohexyl ether and diethyl acetal were obtained: diethoxycyclohexoxyhexyne (VII); 
b, p. 110-112° (2 mm); nf 1.4826; d2” 0.9672; found MR 77,59; calculated for CygH 0; F MR 76.75; ethoxycyclo- 


hexoxyhexenyne (VIII); b. p. 81° (2 mm); ny 1.4900; d2* 0.9504; found MR 67.61; calculated for CypHy0, F 
MR 65.40. 


Found %: C 76,10, 76.12; H 10.30, 10.11. CyHg2O2. Calculated %: C 75.68; H 9,97, 


SUMMARY 


1, The reaction of vinyl ethers with acetals was extended to ethynylvinyl alkyl ethers and mixed alkyl- 
phenyl acetals. 


2, Five alkoxy- and phenoxyalkanes, not previously described in the literature, were isolated and charac- 
terized, 
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LETTERS TO THE EDITOR 


Dear Editor, 


The principal chemical methods of determination of isoparaffins in paraffins of normal structure (reaction 
with antimony pentachloride, chlorosulfonic acid , ethyl chlorosulfonate, nitric acid, etc.) employed up to now 

are hardly suitable for work with hydrocarbon mixtures, Physical methods (infrared spectra, etc.) have hitherto 

been hardly suitable for routine operations. 


We put forward a new color reaction for qualitative tests, It is based upon the partial chlorination of an 
isoparaffin at normal temperature with an aqueous solution of ferric chloride in which the trivalent tron is reduced 
to divalent iron and the latter is detected by reaction with potassium ferricyanide, The resultant Turnbull blue 
gives a greenish-blue ring at the interface between the hydrocarbon and the aqueous solution. The reaction is 
very sensitive and enables 1-2% of isoparaffin to be detected in a mixture of paraffins, The isoparaffin is chlori- 
nated to the extent of 0.5% and therefore the reaction cannot be employed under the specified conditions for 
development of a quantitative method of determination of isoparaffins. 


The reaction was checked with a series of pure paraffinic hydrocarbons of normal structure; their mixtures 
with isoparaffins, and paraffinic hydrocarbons separated from petroleum. It gave positive results only when paraf- 
fins containing a tertiary carbon atom were present in the mixture, 


Naphthenic hydrocarbons with a tertiary carbon atom (e. g., methylcylohexane) give the characteristic ring 
of Turnbull blue, Octadecyleyclohexane does not react with ferric chloride under similar conditions and a weak 
ring is developed only after 24 hrs. This behavior of octadecylcyclohexane is probable due to the influence of 
the chain length upon the activity of the tertiary carbon in the naphthene ring. The reaction should be carried 
out in the absence of aromatic and unsaturated compounds, 


Cyclohexane, cyclopentane and hydrocarbons with a quaternary carbon atom do not give this reaction, 


E, M. Terentyeva and L, M, Rozenberg 
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ERRATA 


In A. A. Balandin's letter to the editor in No. 7 of 1957, the first formula from the bottom on page 882 
should read as follows: 


K + -+ A,,,) In (1 — Mn + m,,| z,= m,, 


ig 

4 

ag 

a 

7 

a 

1175 
ex, 


ode 
a 
a4 
fe 
\@ 
4 
af 
4 
| q 
4 
+ 
E 
all 
a 
4 
ia 
a 
a iy 
a 
Fa 
‘ 
: 


q 
Bulletin of the Academy of Sciences of the USSR ' : 
Division of Chemical Sciences 


IN ENGLISH TRANSLATION 
September, 1957 


TABLE OF CONTENTS 


Mixed Ferrocyanides of Indium with Rubidium and Cesium, E, N, Deichman........ 


2, Energy of Adsorption Forces and Heat of Adsorption of n-Alkanes on Graphitized Carbon 
Black, N. N, Avgul, G, I, Berezin, A. V. Kiselev, and I, A, Lygina ........+2.. 1052 1021 


3, Studies of the Aluminous Region of Ternary Aluminosilicate Systems, 2, The System 


4. Studies of the Tautomerism and Geometrical Isomerism of Nitrogen-Containing Deriva- 
tives of Carbonyl Compounds, I, Polarographic Study of the Transformation of Some 
Phenylhydrazones in Methanol, Yu, P, Kitaev and A, E, Arbuzov.......+2.++++ 1068 1037 


5. Thermographic Study of Reactions Between Ethylene Glycol Phosphorous Acid and Alkyl 
Halides, B, A. Arbuzov, M. E. Saikina, and V, M. Zoroastrova 


Organophosphorus Derivatives of Ethyleneimine, 2, Addition to Dialkylphosphorous 
Acid-Ethyleneamides of Halogenated Hydrocarbons and of Halogens, N, P, Grechkin. 1084 1053 

1, Synthesis of Mixed Ester- Amides of Monothio- and Dithiophosphoric Acids, K, V. 

Nikonorov and Z, G, Speranskaya .... 1089 1059 


8. The Action of Nitric Acid on 1,1,5-Trichloropentene-1 and 1,1-Dichloropentene-1. 


The Copolymerization of Chloroprene with Vinyl Esters, 2. The "Copolymerization 
Limit" and the Reaction Velocities During Copolymerization of Chloroprene With 
Vinyl Esters. S. Ushakov and L, B, 1100 1072 
10, Organoboron Compounds. 19, Synthesis of Alkylboron Dichlorides, B, M, Mikhailov 
and T. A, Shchegoleva. ... 1107 1080 
11, The Individual Composition and Antiknock Properties of Surakhany Gasoline, N. I. 
Shuikin, S. S. Novikov, T, I, Naryshkina, and B, A. Englin...... 1112 1086 
12, Synthesis and Properties of Some Bis-(Trimethylsilyl) Propylenes, A. D. Petrov, V. F. 
Mironov, V. G. Glukhovtsev, and Yu, P, Egorov. 1117 1091 
13, Preparation of Aromatic Acids by Oxidation of the Side Chains of Aromatic Compounds 
with Nitric Acid, Communication 2, I, N, Nazarov and A, V. Semenovsky....... 1126 1101 
14. Synthesis and Viscosities of 1-Alkylnaphthalenes and Their Decahydro-Derivatives, 
A. D. Petrov, O. M, Nefedov, and V, D. Vorobyev 1129 1105 


15. Oxidation-Reduction Systems for Initiating Radical Processes, 6, Systems with Partici- 
pation of Oxygen for Initiation of the Process of Oxidative Breakdown of Polymers. 


E, I, Tinyakova, B, A, Dolgoplosk, and V. N, Reikh, 1135 1111 


Brief Communications 


Selective Reduction of Polyhalomethanes by Means of Sodium Borohydride, M, M, Nad af 


j 
ag 
Russ, 
Page Page 
10441013 
4 
A 
1077 1046 
‘ 
= 
16, 


TABLE OF CONTENTS (Continued) 


Page 


17, Organoboron Compounds, Communication 20, N-Substituted Phenyldiamonoborons 
and B-Phenylborazoles, V. M. Mikhailov and P, M, Aronovich ......6+seeee024 1146 1123 


18, Organoboron Compounds, Communication 21, New Methods of Synthesis of Borazole 
Derivatives, B, M, Mikhailov and T, V. Kostroma 1149 1125 


Investigations of Alkoxysilanes. 9, 6 -Fluoroethoxysilanes, M. G, Voronkov and B, N. 

20, The Energy of Bonding of a Nickel Catalyst with Oxygen, S, L, Kiperman, A, A, Balan- 

_din, and O. R, Davydova... 1156 1129 


21. Studies in the Field of Synthesis and Transformations of Oxygen-Containing Organosilicon 
Compounds, Communication 8, Reaction of Vinyl Ethers with Silanes and 6 -Silicon- 


Containing Alcohols, I, A, Shikhiev, M, F. Shostakovsky, and N. V. Komarov ...... 1159 1132 


22, Heterochain Polyamides, Communication 3, Kinetics of Polymerization of €-Caprolac- 
tam in Presence of Hexamethylenediammonium Adipate, V. M, Kharitonov, T. M. 
Frunze, and V. Korshak eg 1162 1134 


. Heterochain Polyamides. Communication 4. Investigation of Kinetics of Formation of 
Mixed Polyamides From Salts of Hexamethylenediamine, V, M, Kharitonov, T, 
Frunze, and V. V. Korshak, ...cccsseccsccccrcceccccccvessccseseees 1165 ‘1136 
24, Synthesis and Transformations of Unsaturated Organosilicon Compounds, Communication 2, 
Synthesis of Tertiary Trihydric y~-Silicon-Containing Alcohols of the Acetylenic Series, 
I, A. Shikhiev, M, F. Shostakovsky, N. V. Komarov, and L, A. Kayutenko .......... 1168 1139 
25. Studies in the Field of Low-Molecular Polymerization, Communication 4, The Synthesis 
of New Hydroxyalkanes, M, F, Shostakovsky, A. V. Bogdanova, and G, K, Krasilnikova 1172 1141 


. Letters to the Editor eee eee ee eee 1175 1144 


1175 


a 
4 
‘ 
= 


Russ, 
Page 
= 4 
a 
4 
| 


4 
~ 
= 


a 
sig 
4 
/ 
4 
= 


a 
= 
ba 
nt 


